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GOLOVNAYA HYDROPOWER STATION UNDER CONSTRUCTION, SOVIET UNION 














Manufactured in India 
by Ruston & Hornsby 
(India) Ltd., conforming 
to the Original Design 
of Byron Jackson 















Yy & Co., U.S.A. 

Wi G0 

_MADE IN INDIA Moderately priced, 
Whlddiliidllddddd Horizontal, Single Stage, 






High Head, End Suction, 


FIGURE Centrifugal Pumps for 
BR cpr mpm 
CENTRIFUGAL {50Gb and tor 
PUMPS 100 10350 fect. 
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to electric motors or for Belt drives. 


GREAVES COTTON 
& COMPANY LTD. 


RALLI HOUSE 16, HARE STREET 
P. O. BOX. 702 CALCUTTA 1 






“A trusted name” | 









BOMBAY MADRAS NEW DELHI KANPUR 
RANGALORE ANMLDABAD COIMBATORE RANCHI 





SIEMENS 


TELECOMMUNICATION 
ENGINEERING 






















OUR MANUFACTURING 
PROGRAMME 
INCLUDES: 


Level Tracer 


Sweep frequency 
oscillator and level 





tracing receiver 


Time saving 
instruments 


find always an important place in the development, manu- 
facturing and testing of communication networks, because 
the measuring values of level, loss, impedance etc. as a 
function of frequency are reproduced instantaneously on the 
Cathode Ray Tube. Along with other instruments it is 
possible to localise the faults on transmission lines and to 
take routine measurements without interrupting the opera- 
tion of multi-channel carrier telephone circuits 


Sweep frequency 
measuring equipment 


Echoscope for fault 
location on telephone 
lines 





Contact fault locator 





Coupling meter for 
measurements during 
the operation 





Interchannel level 
measuring set for the 
carrier frequency 
circuits 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN - MUENCHEN 


SOLE REPRESENTATIVES 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 


BOMBAY - CALCUTTA - NEW DELHI - MADRAS BANGALORE - AHMEDABAD - VISAKHAPATNAM 
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COOL ENOUGH 


FILM COOLING TOWERS 


erre, 


FOR AN 
ELEPHANT... 














but your industry needs 


FORTY years’ experience backs the 
design and erection of “* FILM FLOW”’ 
Water Cooling Towers...specially 
designed for your industry and location. 


Whether you are interested in the 
atmospheric or natural draught tower, 
the mechanical forced or induced tower... 
the right type of cooling tower for 

your use can be supplied by us. 


We offer you technical advice and will be 
happy to assist you in solving your water 
cooling problems. Please write to us. 


LARSEN & TOUBRO LIMITED 


Bombay P O. Box 278 « Calcutta P.O. Box 619 
Madras P. Bag 5247 « New Delhi P.O. Box 323 
Bangalore P.O. Box 98 « Cochin P.O. Box 55 
Ahmedabad P.O. Box 283 















IN SERVICE 


LIES SUCCESS 





JWT-LT. 1376 





INDIAN JOURNAL 


OF POWER 


AND RIVER VALLEY 


DEVELOPMENT 











. Kilburns 


MINING EQUIPMENT AGENCIES 
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PIKROS 





HAULAGES 
(Electric A. C.) 


Manufactured under licence from M/s. Austin Hopkinson, U.K. 


MM 





Precision ae 
PL ARPCG BES 


DRILLING BITS & REAMER SHELLS 


BY PRECISION TOOLS (INDIA) PRIVATE LTD. 
Under licence from Triefus Industries Ltd. U.K. 


Sole Selling Agents in India 


KILBURN & CO. PRIVATE LTD. 


2, Fairlie Place, Calcutta-!. 

Field Office: DISHERGARH, Dt. Burdwan, W. Bengal. 
Branches : 

BOMBAY MADRAS NEW DELHI 


KANPUR TEZPUR AHMEDABAD 
BANGALORE NAGPUR SECUNDERABAD 
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Enquiries to: 
ELECTRICAL 
ENGINEERING 


DEPARTMENT 
MARTIN BURN HOUSE 
12, Mission Row, 

Calcutta-! 
NEW DELHI BOMBAY 
KANPUR 











MARTIN BURN 
LIMITED 


undertake 
electrical installation work, 
both domestic and 
industrial 




























and are 
selling agents 
in Eastern India for 


Stondard Telephones 
and Cables Limited 


POWER & 

TELEPHONE CABLES 
POWER FACTOR 
CORRECTION CONDENSER 


SELENIUM RECTIFIERS 


(now assembled in Indio) 















MSTC-10A 








PINT-SIZE TOOL WITH 


OUT-SIZE 
PERFORMANCE! 


—the WOLF packs a lot of Power! 






Type EG2C 3” 

Low-weight production drill 

Made in India by Railiwolf Private Ltd. 
* Industry's first choice 

* Ideal for production line conditions 

* Dependable and easy to handle 


Wolf 


ELECTRIC TOOLS 





Wolf assures spares and prompt service 


Sole distributors: RALLIS INDIA LIMITED Bombay « Calcutta « Madras 


Write today for details of the WOLF range of Portable Electric Tools 
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Building Big Generators for Big Jobs! 
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The generator on the right is the second 
largest of its type in the world. It was built 
by Toshiba for installation at Japan’s new 
development project, the Okutadami Power 
Station. It generates 133,000 kVA and was 
designed big to do a big job. For information 
about this or any other type of equipment 
necessary for generating or transmitting electric 


power, be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan. Cable: TOSHIBA TOKYO 
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Horizontal L.T. 
Drawout Circuit 
Breaker 









11 KV. H.T. Ring 
Main Tee-off 
Equipment 





H.T. a L.T. 
OIL CIRCUIT BREAKERS 
AND SWITCH BOARDS 


Manufactured to the designs of J. G. STATTER & 


Co. Ltd., England, Finest materials, first class 
designs and workmanship ensure the high quality 
of ME! Switch Gear. Thousands are operating to- 
day all over India in the vast hydro-electric 
distribution systems 
Manufactured by : 
THE MYSORE ELECTRICAL INDUSTRIES LTD. 
Bangalore. 


Sales & Service: PE gx 


INDUSTRIAL & AGRICULTURAL ENGINEERING CO. (BOMBAY) PVT. LTD. 
43, Forbes Street, Bombay |. 
Branch at: ‘K’ Block, Chawdhary Bldg., Connaught 
Circus, New Delhi. 
Associated Offices : 
|) MADRAS, CALCUTTA, BANGALORE, HYDERABAD (DN.) 













Panel Mounting 
L.T. Circuit 
Breaker 


Non-Drawout 
L.T. Oil Circuit 
Breaker 


tt KV. H.T. 
Oil Circuit 
Breaker 
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TIMKEN’ | { TIMKEN’ ) { TIMKEN’ | 


REGISTERED TRADE-MARK MARQUE DEPOSEE REGISTERED TRAOE-mMARK 
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NO MATTER WHAT THE LANGUAGE, you're protected when the trade-mark 
“Timken” is on the bearings that support the loads in your machines. You're protected 
because Timken tapered roller bearings give long, trouble-free life in automobiles, machine 
tools, trains, farm equipment — wherever wheels and shafts turn. 

And when you buy Timken bearings, you’re assured of the engineering service of the 
world’s oldest and largest manufacturer of tapered roller bearings. The name “Timken” is 
a trade-mark identifying the bearings, steel and rock bits made by The Timken Roller 
Bearing Company and its subsidiaries and divisions the world = 
over. The Timken Roller Bearing Company, Canton 6, Ohio, 
U.S.A. Cable: ‘“TIMROSCO”. Timken bearings manufactured 
in Australia, Brazil, Canada, England, France, and U.S.A. 





Exclusive Industrial and Railway Distributor: 


William Jacks & Company Limited Bombay + Calcutta » Madras « New Delhi. 





NATIONAL CL 0-499 
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&G.C Totally-enclosed 
Fan-cooled Squirrel cage Motors 


Manufactured in our PAHARPUR 
Works, these motors are dustproof, 
That’s why they are particularly 
suited for service in places where dust 
and dirt are prevalent — in mills, gas 
works, chemical works, collieries, 


quarries, cement works, etc. 


Further details from: 


THE GENERAL ELECTRIC CO. OF 
INDIA PRIVATE LTD, 





GEC/P/iN7 Representing : The General Electric Co. Ltd., of England. 













000 


At last Concrete Shuttering 3 
which is economical will 
outlast ordinary wood 
and Is waterproof. 









THE IDEAL CONCRETE SHUTTERING MATERIAL 
MANUFACTURED IN INDIA ONLY BY 












PLYWOOD PRODUCTS SITAPUR, U.P. 
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Penstocks, pressure shaft linings, 

Substation steel structures 

Gantry and overhead travelling cranes 
| Pylons, water gates 





Pressure test and Electric Strain Measuring carried out on the manifold of 
the KOYNA POWER STATION (Maharashtra State). Test pressure 1420 psi. 
Diameters 8'6”/2 6’. Thickness |” 27/32 and |” 37/64. Weight 40:5 tons. 


GIOVANOLA ones switzertan 
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Medium Section Mill— Bloom rehesting furnece ond Mill run-in table 


Construction and operation proceed side 
by side at Durgapur SteelWorks scons medium 


Section and Merchant Mills—the final unit of the Rolling Mills Plant—are now well on the way 


towards completion. Three Mills were commissioned earlier last year and are in operation. 


The two new Mills will make a considerable addition to Durgapur’s productive range. 


ISCON 


GRDIAN STEELWORKS CONSTRUCTION CO. LTD. 
Davy and United Engineering Company Limited. Head Wrightson & Company Led. Simon-Carves Ltd. The Wellman 
Smith Owen Eng. Corp. Ltd. The Cementation Company Ltd. Associated Electrical Industries (Rugby) Ltd. The 
English Electric Co. Ltd. The General Electric Co. Limited. Associated Electrical Industries (Manchester) Led. Sir 
William Arrol & Company Ltd. Cleveland Bridge & Engineering Co. Led. Dorman Long (Bridge & Engineering) Ltd. 
Joseph Parks & Son Ltd, Iscon Cable Group ( Siemens Edison Swan Led. and Pirell) General Cable Works Ltd. ) 


esc 28 BRITISH COMPANIES WOIK'NG FOR INDIA 
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Another 
big 
Hydraulic 
Turbine 
and 


Generator 
by 
Hitachi 


Hitachi has recently completed two 137,500 kw/125,000kVA hydraulic turbines and 
generators for the Miboro Power Station in Central Japan. The turbine is of the 
vertical-shaft Francis type, and specified for a speed of 225rpm, a maximum effective 
head of 200m and 76.6 cu.m/sec water flow, making it one of the largest units of its 
kind in the world. Its runner has a maximum diameter of 3.7m and the main shaft a 
diameter of 95cm. The spiral casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35 m and an outer diameter of 11.2 m. 


The generator presents a high-torsoed appearance, having been so designed in considera- 
tion of the comparatively high speed. Since the generator was designed for a rated 
voltage of 16,500 volts and, in this respect, represents the first such attempt in Japan, 
particular care was taken in the corona-shielding and impulse resistance of the stator 
winding. The generator is rated at 60 cycles, 225rpm and 0.9 power factor but is also 
capable of operating at 50 cycles, 187.5rpm and 1.0 power factor. 


{o}) _itachy, Ltd. oo. ta ag amma: 
~ ‘ole Sagan “Sa. naman eaamammemamameraae memes: 


Cable Address: “HITACHY’ TOKYO 

















Sole Distributors 


WILLIAM JACKS & CO. LTD. 


CALCUTTA BOMBAY MADRAS NEW DELHI 
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» Fabrication and Erection of 
complete Pipework Installa- 
tions for Steam, Gas, Com- 
pressed Air, Fuel Oil etc. 


Coils for Refrigeration and 
other industrial uses. 





Light Structures of Tubular 
construction. 





Water Well Casing. 














Head Office : 41, GHowrincuee Roan, P.O. Box 270, Catcurta 
TELEPHONE : 44-5224 (7 lines) & 44-1461 
Works : 39, Hine Roap, Kipperpore, CALcuTTa 
Tevcernone : 45-3515 (3 lines). 


Raw Acid & Fresh Water Pipeline on Tubular Trestles, 


SLF 40/56 














MOTOR GRADERS 


BY 


AVELING BARFORD LTD. 


AVELING BARFORD LTD. MANUFACTURE ONE 
CF THE MOST COMPREHENSIVE RANGES 


OF 
ROAD GRADERS 
AVAILABLE 


WHICH COMPRISES THE FOLLOWING TYPES 


“RM ”’-ROAD MAINTENANCE GRADER 

“LG "—72 B.H.P. TANDEM DRIVE GRADER 

“MG "—100 B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 
‘““MG ”—100 B.H.P. SIX WHEEL DRIVE & SIX WHEEL STEER 
“99H ’—II5 B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 


We shall be pleased to send you details on request 


Agents: 


sania: JESSORGLe 


AVELING BARFORD LTD. __ ENGINEBRS_— 
GRANTHAM, ENGLAND. 63, NETAJI SUBHAS ROAD, CALCUTTA-1. 
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In hydro-electric projects penstocks 

are a vital link between the crawling 
rivers and the whirling turbines. 
Through their sturdy steel walls water 
gushes at terrific velocity and pressure, 
to whirl the turbines and generate 
power. Heavy duty high pressure 
penstocks fabricated by IHP have 
provided these vital links in many major 
hydro-electric projects including the 
Rihand Dam Project, the Koyna Project, 
and lately the Sharavati Project. 

Every day tons of vital penstocks of 
various diameters and thicknesses 

roll off the lines of the IHP factory at 
Hadapsar assuring a continuous 

supply to meet the requirements of tke 
various hydro-electric projects planned 
in the 2nd & 3rd Five Year Plans. 


THE INDIAN HUME PIPE CO LTD 4 WALCHAND GROUP INDUSTRY 


Construction House, Ballard Estate, Bombay-} 





Shia 
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THE NORDEN PORCELAIN FACTORY LTD,  °Seniwaine™ 
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Bombay P.O. Box 278. Calcutta P.O. Box 619. Madras P. Bag 5247. New De'hi P.O. Box 323. 
Bangalore P.O. Box 98. Cochin P.O. Box 55. Ahmedabad P.O. Box 283. 
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THE WORLD'S * 
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General Radio Co., U.S.A. 


Electronic Apparatus 
for Science and Industry. 
Stroboscopes, Variacs, 
Sound and Vibration Meters, 
Amplifiers, Impedance Bridges, 





Signal and Pulse Generators, Osci- 
llators, Wave Analyzers. Distortion 


Meters, R-L-C Standards, Volt- 
meters. Megohmmeters, Coaxial 
Equipment, Voltage Regulators, 


Sweep Drives, Frequency Standards 
and Meters, TV and Broadcast Moni- 
tors, Parts and Accessories. 


“‘Microline" Microwave 
Measurement and Test 
Equipment, Wave- 
Frequency Meters, F.M. 
Test Sets, Radar Range Calibrators, 
Wattmeter Bridges, Impedance 
Meters, Attenuators, Microwave 
Receivers, etc., and Accessories and 
“Klystron” Tubes, Oscillators, 
Amplifiers, Multipliers, Tuners, etc. 


sPERRY 


meters, 
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Nuclear Measurement Apparatus, 
Sealers, Linear Amplifiers, High 


BEST INSTRUMENTS 


Voltage Power Supplies, Coinci- 7 


dence Analyzers, 
Counters, Counting Rate-Survey 
Meters, Differential Pulse Height 
Analyzers, Analog-Digital Data- 
printers, Gamma Radiation Detec- 


Scintillation Z 


tors, Flow Counters, Counting Z 
Tubes, Calibrated Reference Sour- Z 


ces, Timers, Reset Registers, etc, 











Cathode-Ray Oscillographs, 
Cathode-Ray Tubes, Gaseous 
Discharge Tubes, etc., Oscillograph 
Recording Cameras and Ancillary 
Equipment, Television Transmitting 
Equipment, etc. 
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Electrical and Electronic 

Test Instruments, Avo- 

meters, Multiminors, 

Valve Testers, Signal Generators, 

Bridges. Lightmeters, Douglas and 
Macadie Automatic Coil Winders. 


Boonton Radio ve U.S.A. 
Electronic Instruments: 
Q-Meters and QX 





“li Checkers, RX Meters, 
FM-AM Crystal Monitored and Glide 
Slope Signal Generators, Metal Film 
Gauge, and Accessories. 


Distributors : 


MOTWANE 


PRIVATE 


Incorporating : 


EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 
CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 


Electrical & Mechanical Engineers and Contractors 
127 Mahatma Gandhi Road, P.B. No. 1312, Bombay-! Phone 252337 (3 lines) Grams: CHiPHONE’ al! offices 
Bronches ot: New Dethi, Calcutta, Lucknow, Kanpur, Madras, Bangalore and Secunderabad 


Electronic. 


1961. 
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Volemeters, Ammeters, 
Frequency Meters, 
Wattmeters, Galvano- 





meters of Panel, Switchboard and 
Portable Patterns; Precision and 
Laboratory Standards, Portable 
and Uncased Current Transformers, 
Magnetic Contact and Moving Coil 
Relays, Photronic Cells, Photo- 
meters, Standard Cells, Instrument 
Rectifiers, Radio Test Sets and 
House Service Meters, etc. 














ESTERLINE—ANGUS 


Graphic Chart Recorders for 
Current, Voltage, Conductivity, 
Frequency, Wattage, Long 
Distance (telemeters), Operation, 
Power, Power Factor, Pressure. 
RKVA, Speed, Vaccum, etc.,Current 
Transformers, Potential Trans- 
formers, etc 














Water Current Meters, 
Anemometers, Paper 
and Textile Testing 

Instruments and Surveyinstruments 
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CEMENT RESEARCH CORPORATION PRIVATE LIMITED. 
15, GOBINDA BANERJEE LANE, CALCUTTA-33, Phone : 46-7057, CABLE: ‘SOURANIL' 





36.7 


WATERPROOFING 
COMPOUND 





INDISPENSABLE 


for use in concrete under water and 
for heavy load machinery. Also pre- 
vents saltpetre action & dampness 
of the structure. 
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SPECIAL NUMBER 
of 
INDIAN JOURNAL OF 
POWER & RIVER VALLEY DEVELOPMENT 


on 


BRITISH POWER INDUSTRY 


Contributions in this issue provide a 
broad view of the achievements of the 


British Power Industry in recent years. 
Price : Rs. 5/- (postage extra) 


Place your orders with : 


The Manager 


BOOKS & JOURNALS PRIVATE LTD. 
6/2, MADAN STREET, CALCUTTA-13. 











ANSALDO SAN GIORGIO 
(Italy) 


COMPLETE HYDRO ELECTRIC PLANTS 
GENERATORS & MOTORS 
TRANSFORMERS 
PUMPING SETS 


Contact: 


KAMANI ENGINEERING 
CORPN. LTD. 


Kamani Chambers, 
Nicol Road, 
Bombay-!. 
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Ferranti 


Kariba Power Station. 














r The summation metering 
panels are for these sites. 
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Summation 
Metering Panels for the 






FERRANTI 


SUMMATION METERING 


AT KARIBA 


For the Kariba Hydro-Electric Scheme 
Ferranti Ltd. are supplying Summation 
Metering Equipment comprising: 
Precision grade integrating meters, 
Electro-mechanical summators, Printo- 
meter Demand Recorders and Suites of 
metering cubicles. These equipments 
will be used to meter six 100 MW 
generator sets at Kariba Power Station 
and also the supplies to the Trans- 
forming Stations at Kitwe, Norton, 
Salisbury, Lusaka, Sherwood and 
Bulawayo. 

The consulting electrical and 


mechanical engineers are 
Messrs. Merz & McLellan. 


[dlerranti 


FERRANTI LTD * HOLLINWOOD + LANCASHIRE 


ENGLAND 


Indian Distributors: 


BRITISH INSULATED CALLENDER’S CABLES LTD. 


Esplanade House, Waudby Road, Fort, Bombay 
Branches at: Calcutta, Madras 














Transforming the Picture of Industry 


PN 4 


is 
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Or 
- : “me = WIS 2 7 - 
Transformer 100,000/100,000/33,000 KVA. 
220,000 + 9 x 2700/110,000/10,000Y. 


We distribute the following world.renowned power 
generation, transmission and distribution equipment — 


8. Complete Power | 





1. Power Transformers upto ~) 
250 MVA 400 KV Stations 
2. Distribution, Auto Regula- LEPPER, HONNEF, %. Boiler Plants MACHINOEXPORT 
ting Rectifier, Furnace WEST GERMANY w 
and Ory type trae 10. Coal Handling MOSCO 
formers. Plants 
11, Turbines, 
3. Reactors, Paterson Coils ier J 
“and Power Capacitors. + 
4. Protective Gears like ALFREDO MURATORI, 12. Cables, FULGOR S.P. A, 
relays etc. ROME, ITALY MILANO ITALY 
5. Time Switches j. G. MEHNE EICHMANN K. 6. 
SCHWENNINGEN GERMANY WIEN AUSTRIA 
6. Compressors, Diesel DEKA DR. ING ERICH 13. Motors & HIMMELWERK A. 6. 
Generating Sets KLOCKENBERG, BERLIN Generating Sets. TUBINGEN 
7. Switchgear NEUMANN BERLIN 14. Battery Loco- OHLER & CO 
motive AARAU SWITZERLAND 


ORDERS IN HAND FOR CRORES OF RUPEES FOR 30, 27, 25 AND 20 MVA TRANSFORMERS : 27 MVA TURBO- 
GENERATOR ; SWITCHGEARS ; COAL HANDLING PLANTS; CABLES; MOTORS; GENERATORS; BOILERS ; 
VOLTAGE REGULATORS ; TIME SWITCHES ; CRANES ; COMPRESSORS AND LOCOMOTIVES. 


THE INDUSTRIAL GASES LTD. 


ENGINEERING DIVISION 
Head Office : Post Box 853, CALCUTTA-I, Cable : INDUSGASES, Phone: 22-1040-49 


Post Box 373, Post Box 622. Post Bag 41, 
KANPUR NEW DELHI-!. GAUHATI 


Factories: 40, Fazal Ganj, KANPUR. @ 146, Andul Road, HOWRAH. @ Refinery Site, GAUHATI. @ Tollygunge , CALCUTTA. 
Agencie: al! ove Indic ! 


Branches : 
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For the Pongola Sugar Milling Company, 
Transvall one of two 1000kW geared back-pressure 
turbine-generators on test inthe AEI Small Turbine 
Factory. 









Power and steam 
with AEI equipment 









AE! at all these places AEI back pressure turbine-generators are installed or on order 
in Central and South Africa, Australia, Burma, Canada, Egypt, Eire, India, Pakistan, 
United Kingdom, Uruguay and the U.S.S.R. 


AE! for all these reasons Sound design, economy of operation and ease of maintenance 
are built into all these installations. 


AE! for world-wide experience Advanced turbine-generators of every type are supplied 
by AEI for power stations and industry throughout the world. 


Please write for further details and technical data to 


ASSOCIATED ELECTRICAL INDUSTRIES 
(INDIA) PRIVATE LTD. 


Head Office: CROWN HOUSE, 6 MISSION ROW, CALCUTTA 1. 
Branches at: BOMBAY NEW DELHI MADRAS BANGALORE COIMBATORE NAGPUR 


AEI’s ‘Light’ Products -MAZDA LAMPS 


AIC 236 
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Inter-connection between 
Hirakud Hydro-Electric System 
and Rourkela Thermal Power Station 


HE original lay-out for the transmission system 

under the Hirakud Project provides for a 132 kV 
substation for supply of power in bulk to the Hindus- 
tan Steel Factory at Rourkela. The Steel Plant has 
also provided for a 75 MW Thermal Power Station to 
meet a part of their power requirement and also te 
provide for the essential element of security of power 
supply. Recently, an agreement has been concluded 
between the Government of Orissa and the Hindustan 
Steel Plant and it is noteworthy that its scope has far 
exceeded the original intentions in that it provides 
for the integrated operation of the generating plant in 
the two systems to maximum overall advantage. 
Although the scope of this inter-connection and the 
integrated operation is not, in any sense, the same 
as a zonal grid system, it has certain features which 
would be met with in the case of inter-state grids. 
Although system interconnections in a small way have 
been in existence in the past (as in the case of Madras, 
D.V.C., etc.,), these have been mostly confined to the 
administrative control of a single authority. In the 
case of interconnection between Madras and Kerala, 
the scope has been limited to the supply of an agreed 
block of power from one to the other. In other words, 
there is no provision for the integrated working of the 
available facilities in the two systems. In this context, 
the interconnection between Hirakud and Rourkela is 
somewhat wider in its scope as it represents two 
different agencies of which one has hydro generation 
and the other has thermal generation and the objec- 
tive is to get the maximum advantage out of both. 
Accordingly, this paper is being presented in the hope 
that the experience that would be gained from the 
integrated operation of Hirakud and Rourkela would 
be of some value for working out the details of future 
inter-connections particularly those which would mark 
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the beginning of regional and inter-state grids. 


System Generation Capacities 


The Hirakud Power system comprises two power 
Stations: the first one located at the main Hirakud 
Dam, has 4 units each of 31 MW and 2 units each of 
17 MW making a total installed capacity of 158 MW; 
the second power station utilizes the tail waters of 
the first and is some distance away at Chiplima con- 
taining 3 units each of 24 MW making a total installed 
capacity of 72 MW. The combined capacity of the two 
power stations amounts to 230 M.W. and based on the 
availability of water after providing for irrigation and 
flood control requirements, the continuous power 
(100% load factor) has been estimated at 127 MW. 


The Thermal Power Station at Rourkela contains 
three steam turbo-alternator sets each of 25 MW and 
provision exists for the future addition of 2 more units 
of the same size. The total power demand of the Steel 
Plant, including the fertilizer plant, has been estima- 
ted at 110 MW. The original intention was that the 
Steel Plant should generate a firm output of 50 MW 
from this power station and purchase the balance of 
power requirements from the Hirakud System. 


Basis for Integrated Operation 


The Hirakud system is catering to a number of 
large industrial establishments in the Orissa State, 
some of which, notably the aluminium industry, work 
at very high load factors. Assuming that the overall 
system load factor is 70%, the total energy available 
from the hydroelectric stations would correspond to 
181 MW at 70% L.F. (which is equivallent to 127 MW 
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at 100% given earlier). As against this, the installed 
capacity is 230 MW and the firm capacity, after ex- 
cluding one large unit of 31 MW, would be 199 MW. 


In the case of Rourkela Power Station, one 25 MW 
unit out of the three, would normally be a standby 
and the other two units would be on continuous ser- 
vice. This places the firm capacity of the station at 50 
MW and the energy output would more or less cor- 
respond to the load factor of the Steel Plant. It was 
thus apparent that there are certain highly comple- 
mentary factors in the working of the two power sta- 
tions and that an integrated operation would contri- 
bute to overall advantage. The Hirakud System with 
its limitations of water availability could easily absorb 
a substantial amount of energy from a thermal plant 
and thereby increase the firm salable power by mak- 
ing better use of the available installed capacity. The 
Rourkela Steel Plant have at their disposal substan- 
tial quantities of surplus fuel in the form of coke 
breeze and industrial gases, which could be utilized 
for power generation to such an extent that all the 
three machines could be put into continuous service 
on full load except during overhauls. In fact, by 
afranging the annual maintenance programme of the 
thermal plant in such a way that it coincides with the 
high water conditions at the Hirakud Reservoir, it 
should be possible to obtain from the Thermal Power 
Station a high availability factor of 90% and more. 
The following figures illustrate the power availability 
position if the two stations are operated separately 
and alternatively in an integrated manner :— 


Installed Firm capacity Energy content 








capacity (excludingone expressed in 
large machine) MW (at 
70°, LF) 
MW MW 
I Hirakud 230 199 181 
Rourkela 75 50 50 
Aggregate for Hira- 
kud and Rourkela 
Power stations 
working separately 305 249 231 
II Hirakud 230 199 181 
Rourkela 75 75 75X0.9* 96 
0.7** 
Aggregate for Hira- 
kud and Rourkela 
working in an inte- 
grated manner 305 274 277 
Note: ‘*Availability factor of Thermal Plant : 90 
**System load factor ;: 


If may be noted from the above that when operated 
in an integrated manner, the two systems would be 
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able to cater for a firm system peak load of 274 MW 
and an energy supply equivalent to 277 MW at 70% 
load factor. This represents a gain of about 10% in 
the former and about 20% in the latter. Thus, it was 
obvious that a suitable method of integrated working 
should be devised which would be equitable to both 
the parties and would also result in maximum advan- 
tage to both the power systems. To this end, the repre- 
sentatives of the two parties and the Central Water 
and Power Commission went into the whole matter 
and evolved an agreed arrangement. 


Features of Integrated Operation 


Depending on the load requirements of the region 
it is intended that the two stations should be operated 
in a complementary manner so that the storage at 
the Hirakud reservoir could be put to maximum 
advantage. At the same time, all the three machines 
would be run at Rourkela continuously during low 
water period thereby utilizing the surplus fuels to the 
full extent. In order to ensure that these objectives 
would be realized in practice, an Operating Commit- 
tee would be set up with three members, one repre- 
senting the Hindustan Steel and the other the Orissa 
Government and the third the C.W. & P.C. This Com- 
mittee is intended to fix up periodically the operating 
programme for power generation at the two stations 
and also to determine the maintenance schedules and 
such other factors which would lead to the smooth 
and economic working of the stations. 


While the Hirakud System would in the balance 
remain the supplier of power to the Hindustan Steel 
Plant whose demand would eventually exceed the firm 
capacity available at their own power station, the 
broad aim was to generate the maximum possible 
thermal energy and send the supplies into the Hira- 
kud Orissa network, so that the net energy would be 
small either way. A suitable tariff has been evolved 
which would allow of the surplus thermal energy being 
utilized by the Hirakud System on a month to month 
basis. Furthermore, during the first two years or so. 
the Hindustan Steel Plant may be able to spare a 
certain amount of firm power for the Hirakud system. 
The supply from Hirakud is given to the Steel Plant 
at Rourkela at 33 kV and necessary metering system 
to provide for the flow of power in eitheir direction 
has been installed. 


At the present time (August 1960), only a part of 
the Steel Plant load has materialized and some firm 
power is available for the Hirakud System and it is 
understood that it is being gradually taken up by the 
latter to meet their increasing load demand. In the 
course of the next two years, certain valuable experi- 
ence would be gained in respect of technical as well 
as the administrative aspects of integrated operation. 
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The Tennessee Valley Authority 


URING World War I, Wilson Dam and power 

plant were built on the Tennessee River to pro- 
duce nitrates for munitions. For 15 years thereafter a 
contest between proponents and opponents of public 
power held that installation largely inactive 


In May, 1933, upon recommendation of President 
Franklin D. Roosevelt, the Tennessee Valley Autho- 
rity was created by act of Congress. The Authority is 
governed by a Board of three directors, appointed by 
the President. In the President’s words, it was to be 
“a corporation clothed with the power of government, 
but possessed with the flexibility and initiative of a 
private enterprise.” Its aim was the unified develop- 
ment of the Tennessee River system by a single pro- 
gram for all useful purposes, especially national 
defense, flood control, navigation, power develop- 
ment, fertilizer development, improvement of agri- 
culture, and forestry. In operation other values deve- 
loped, including elimination of malaria, development 
of recreation facilities and improvement of fisheries. 


The Tennessee, the largest branch of the Ohio, 
drains 40,000 square miles, mostly in Tennessee, but 
partly in Kentucky, Virginia, North Carolina, 
Georgia, Alabama and Mississippi. The French 
Broad and Holston rivers unite above Knoxville to 
form the Tennessee, which flows south-west and west 
through Tennessee, north Alabama, and north-east 
Mississippi, and then north across Tennessee and 
Kentucky to the Ohio. It has a total fall of 515 feet 
in its length of 580 miles. 

Annual precipitation in the area, averaging 51 
inches, is one of the heaviest in the U.S., varying in 
different years from 38 to 63 inches. The total annual 
runoff has varied from 11 to 33 inches. The extreme 
low flow of the river has been 4,500 cubic feet per 
second, and the maximum about 500,000 cubic feet 
per second. Control by reservoirs has greatly lessened 
these extremes. 

The T.V.A. was created during the great depres- 
sion, when increase of employment was a major 
issue. Beginning in June, 1933, with no organization 
whatsoever, in 4 months two great dams were under 
construction, which were finished in less than three 
years, turning waste man hours into enduring struc- 
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tures which will continue to produce wealth through 
the centuries. 


Greatly improved standards of human relations in 
the construction industry were given application by 
adoption of the labour relations policy recently deve- 
loped and applied on the Miami flood control project 
in Ohio. Also following that Ohio precedent and 
using a core engineering staff trained there, the T.V.A. 
carried out its major works without letting contracts, 
but with its own engineering and construction staff. 
This enabled construction to begin quickly during 
the depression, and created an able staff which has 
built 20 dams and some of the largest steam power 
plants in the world. The peak of T.V.A. employment, 
in 1942, was about 30,000 persons. 


The 30 dams which the T.V.A. has built or owns 
or controls have a storage capacity of about 
12,000,000 acre feet. The Tennessee river is now a 
chain of lakes. Water regulation is centred in the 
Chief Engineer’s office. With a widespread system of 
recording and forecasting, the total water supply is 
manipulated in the interest of flood control, navi- 
gation, power development, malaria control, recrea- 
tion and fisheries. The values from this complex 
operation are far greater than could be realized by 
any possible unco-ordinated undertakings. 


Navigation 

With 9-foot navigation for the 627 miles from the 
Ohio River to above Knoxville, and with locks being 
brought to the present standard of 600 feet long and 
110 feet wide, the river traffic in 1959 was 65 times 
as great as in 1933, or 2,130,000,000 ton miles. Dur- 
that year 75,000 vessels passed through the locks. 
Estimated annual savings in transportation costs are 
$25,000,000, which, after paying costs of operation, 
leaves a profit of about 10% on the $190,000,000 
charged to navigation. 


Flood Control 


Flood control and navigation have first claim on 
T.V.A. reservoir capacity. With no great general 
floods during summer, it is possible in some degree 
to use the same storage capacity, partly for flood con- 
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trol and partly for power. According to T.V.A. esti- 
mates, the system has prevented $35,000,000 flood 
damage at Chattanooga, and can lower flood stages 
2 to 4 feet at the mouth of the Ohio. A similar in- 
crease of Mississippi River flood protection by raising 
levees probably would cost much more than the 
$183,000,000 charged to T.V.A. flood control. 


Electric Power 

With the energetic initiative of David E. Lilienthal, 
one of the original directors, there was developed a 
programme for marketing the large amounts of power 
generated at T.V.A. dams. Especially with the great 
power demands of the atomic energy programme, 
steam plants have been added, two of them the largest 
in the United States, until today T.V.A. is the largest 
power producer and the largest purchaser of coal in 
the United States, with 3 times as much steam as 
waterpower capacity. It is now the sole source of 
power over 80,000 square miles, about twice the area 
of Ohio, with a population of about 5,000,000 people. 
It sells power at wholesale to 99 municipalities, to 
51 rural electrical co-operatives, and to 30 large 
industries, while more than half of its total sales are 
to the U.S. Government, largely for the atomic energy 
programme. 


T.V.A. prescribes conditions and maximum rates 
at which municipalities shall sell its power. Accord- 
ing to official reports, during 1959 the average annual 
residential use in the T.V.A. area was 7,863 kilowatt 
hours, at a cost of 1.03c per kwh, whereas the aver- 
age residential use by the United States as a whole 
was 3,450 kwh, at a cost of 2.52c per kwh. 

This difference results in part from the inherent 
economy in the construction of an integrated river 
control system for all purposes, which makes con- 
struction less expensive than where a single purpose 
must bear the entire expense. Also the unified opera- 
tion of 30 dams and reservoirs in a single system 
makes possible an economy and effectiveness in the 
use of water quite beyond that of a single plant. 

Lower cost and resulting larger use have been 
somewhat favoured by the fact that, whereas private 
utilities would be required to pay about 52%, of net 
earnings (about 9% of the operating cost) for income- 
tax, the T.V.A. and its distributing municipalities 
pay no income-tax. According to the T.V.A. Annual 
Report for 1959, American private utilities pay state 
and local taxes amounting to 8.6% of the total opera- 
ting cost, while the T.V.A. and its distributing muni- 
cipalities pay 6.8°%,, a difference of 1.8° of the opera- 
ting cost. While private utilities pay 2.5°4 or more 
interest on their investment, T.V.A. estimates interest 
at 2%, a difference of perhaps 2.5% of the operating 
cost. 

The T.V.A. electric service has been of a high 
order, and has markedly advanced the economy of 
the region. Active promotion by T.V.A. and associ- 





ated public agencies, together with lower unit costs, 
has greatly expanded the use of electric power. In 
1959 about 1,200,000 homes were served with T.V.A. 
power, of which about 250,000 are heated entirely 
by electricity, which increases the use in the home 
by nearly 5 times. 

In 1959 the total investment in T.V.A. power was 
about $1,700,000,000. Large additional installations 
are underway. According to T.V.A. reports, its power 
business pays all costs and makes a profit of about 
4% on the net investment for power, which is used 
to increase plant or to repay the cost. The 1959 Con- 
gress authorized the Authority to sell bonds, not 
more than $750,000,000 to be outstanding at any one 
time, to finance further growth. 


Fertilizer 


The T.V.A. statute provided for the production 
and sale of cheap nitrogen fertilizer. Dr. H. A. Mor- 
gan, one of the Directors, believed the great need of 
southern soils was phosphates, and that exclusive 
use of nitrates robbed the soil of essential plant nut- 
rients. He therefore promoted phosphate fertilizers 
and their experimental distribution. This accelerated 
use of phosphates, substantially advanced southern 
agriculture, turning it from cotton and corn to grass 
and livestock, reducing soil erosion. 


Forestry 


Half of the T.V.A. area is forest. Beginning with 
the first years of the T.V.A., with co-operation of 
national and state forestry services, studies were made 
of forest conditions and possibilities, and steps were 
taken to increase forest productivity. This coincided 
with a general movement to the same effect over the 
country, and with technological developments for 
using hardwoods for papermaking. T.V.A. area 
forests are steadily increasing in productiveness. 


Malarial Control 

Before the T.V.A., endemic malaria was a chief 
handicap of lowland areas. In some locations more 
than a quarter of the population was infected. Since 
malaria is carried by mosquitos which breed in stand- 
ing water, the process of turning the Tennessee into 
a series of lakes threatened to make the region 
uninhabitable. An early action of the T.V.A. Board 
was to appoint Dr. Eugene L. Bishop to deal with this 
problem. He did a masterful job, and the disease was 
eliminated from the region. It is stated that during 
10 years no cases have been reported except a few 
brought in from outside. 


Recreation 
With malaria eliminated, T.V.A. lakes are a major 
recreation area. Seventy-five state and local parks 
along their shores have public facilities, and there are 
(Continued on page 10) 
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Dr. Ajit Mozoomdar 


The Outlook for Nuclear Power 


Dr. Mozoomdar here surveys the recent changes in the outlook for nuclear power, This is done in five 
parts, of which two are published in this issue to be followed later by the subsequent parts——Editor. 


I. The Development of New Technology: Alternative Reactor Types 


HE cut-back in the British nuclear power pro- 

gramme, announced in the White Paper, of June 
1960, has been widely discussed. At the time of 
the First Geneva Conference on the Peaceful Uses of 
Atomic Energy, in 1955, it had seemed that within a 
decade nuclear energy would be established in many 
countries as a source of electrical power comparable 
in importance to the conventional sources—coal, oil 
and water-power. Till 1958 there were expectations 
that under Western European conditions the cost of 
power from nuclear sources would be equal to the 
cost of conventional power by 1961 or 1962, and that 
thereafter nuclear power would rapidly become 
cheaper than its rivals. Today the most optimistic 
estimate places the break-even point at 1966, and does 
not visualise any definite cost advantage for nuclear 
power till 1970 or so. 





The shift in relative advantages, however, has not 
been due to lack of progress in nuclear technology, 
whose advance has more than fulfilled early expecta- 
tions. Important developments were reported to the 
Second Geneva Conference in 1958, and there have 
been further advances since then. In the last five years 
valuable experience has been gained in the construc- 
tion of large-sized nuclear power stations of at least 
three different types; better utilisation of the thermal 
energy in nuclear fuel is being achieved; alternative 
fuel cycles have been studied; and the international 
price of the primary nuclear fuel—natural uranium— 
has been cut by almost half. 


The balance has been tilted against nuclear power, 
in Western Europe especially, by two factors—the 
huge increase in available supplies of oil and natural 
gas, and a considerable rise in the efficiency of con- 
ventional thermal power stations of large capacity. 
Another incidental factor, the rise in interest rates, 
has also worked against the economy of nuclear 
power which involves comparatively larger capital 
investment but much smaller fuel costs. These con- 
ditions are not necessarily reproduced in other regions: 
each country has a different balance of availability 
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and distribution of fossil fuels, water-power resources 
and nuclear fuels. For instance, Japan has to rely on 
imported fuel for a quarter of its energy needs, and 
hopes to reduce its foreign exchange liability on this 
account by developing nuclear power. Sweden expects 
to harness its hydro-electric resources fully in the next 
decade, and has next to turn either to peat and oil 
shale or to uranium, a!l of which occur extensively in 
the country. 

Abundance of coal and oil, however, likely to be 
available at stable prices, and high capital charges, 
have long been features of the U.S. fuel economy. The 
American approach to nuclear power, therefore, has 
from the first been marked by caution. Their pro- 
gramme lays emphasis on experimentation with a 
wide variety of reactor types, aiming at developing 
techniques which, it is hoped, will in the long run 
produce nuclear power cheaper than conventional 
power in the U.S., which is cheap enough compared 
to most other countries. In Britain, on the other hand, 
the decision was taken in the early fifties to attempt 
a quick break-through on a narrow front. The plan 
was to build a number of commercial power stations 
based on an established type of reactor—using 
natural uranium as fuel, encased in a magnesium 
alloy, with graphite as moderator, the system cooled 
by carbon dioxide gas—so as to gain extensive operat- 
ing experience, concentrating on developing the tech- 
nology of this reactor to obtain increasing efficiencies 
of fuel-utilisation and heat-transfer. At the same time 
work was also started on a reactor of the fast breeder 
type, being the most advanced system then considered 
feasible. With much smaller financial resources and 
engineering capacity than the Americans, this seemed 
to offer the best chance of gaining a lead in the 
new technological revolution, and especially in the 
race to develop a new export industry. While the slow- 
ing down of the nuclear station construction pro- 
gramme in the U.K. itself must be considered a set- 
back in this race, the issue is still far from being 
decided. 

This refers, however, to large nuclear stations, of 


5 





150 MW and above, suitable for base loads. Although 
power from nuclear stations up to, say, 50 MW 
capacity, is not yet within sight of being competitive 
with power from coal or oil fired stations of the same 
size, the U.S. appears to have a considerable lead in 
the development of reactors suitable for small and 
medium-size stations. This is because enriched nuclear 
fuel, essential for small power reactors, is available 
in quantity from American isotope separation plants 
built for military purposes, and operating experience 
of these types of reactors is accumulating rapidly from 
those built for submarine propulsion and for use in 
remote military installations. The U.S has an ambi- 
tious programme of small reactor demonstrations for 
civilian use. In the construction of prototype small- 
size reactors the U.S.S.R. is also ahead of Britain, 
where designs for reactors suitable for marine propul- 
sion are still in the experimental stage. It appears 
from the recent Symposium on small and medium 
power reactors arranged by the International Atomic 
Energy Agency that the cost picture for these reactors 
is brighter than it was in 1958. 


* * * * 


It has been observed that there is no precedent in 
industrial history for investment in a comparatively 
untried technology on the scale that is going into the 
development of nuclear power. That this development 
effort is necessary is not seriously disputed, since at 
some future date almost all countries will come to 
depend increasingly on new sources of energy to 
replace wasting resources of coal and oil and satura- 
ted hydro-electric potential. The questions that arise 
are the extent to which each country needs to make a 
separate effort to develop the new technology, the 
directions in which this effort may be most profitably 
applied, and the speed with which power reactors 
working on a commercial scale should be set up. 

The difficulty is that such a variety of reactor types 
lies within the range of possibility. Considering the 
three possible nuclear fuels (two isotopes of uranium 
and plutonium) two other elements which can be con- 
verted into fuel in reactors (thorium and the third 
isotope of uranium), only four of the possible mode- 
rators (graphite, water, heavy water and beryllium) 
and five possible types of coolants (gas, water, heavy 
water, liquid metals and organic fluids), and further 
taking into account different structures of the reactor 
core, about nine hundred different combinations are 
theoretically possible. And out of these at least a 
hundred are not obviously unfeasible. Again, of the 
systems which appear to be feasible, some would only 
become practicable after extensive materials testing 
and development of apppropriate techniques. More- 
over at this stage it seems to be very unlikely that any 
one reactor system will emerge as the “best” sys- 
tem under all conditions. 


The types of power reactors which are being deve- 


loped at the present time may be divided into the 
following categories— 


Reactors fuelled with natural uranium. 

Reactors fuelled with enriched uranium. 
Converter and breeder reactors (which produce 
more fissile material). 


Reactors of the first two classes only, on a commer- 
cial scale, are either in operation or under construc- 
tion, while the conversion into fissile material of 
thorium and of the non-fissionable isotope occurring 
in natural uranium is being intensively studied in 
experimental reactors of the third category. Natural 
uranium reactors in operation are those in U.K. and 
France (graphite-moderated and gas cooled), U.S.S.R. 
(graphite-moderated and water-cooled), and Canada 
(moderated and cooled with heavy water). The U.S. 
programme has concentrated in its earlier stages on 
enriched uranium reactors moderated and cooled with 
water, and similar reactors have also been indepen- 
dently designed in the U.S.S.R. All these are collec- 
tively referred to as the first-generation nuclear sta- 
tions. The second-generation stations, likely to be 
available from 1965 or so, would represent mainly 
engineering developments of these basic types, but 
may also include the graphite moderated and sodium- 
cooled, and organic-moderated and cooled reactors. 
These stations should enable much more energy to be 
extracted from nuclear fuels (higher “burn-up”), 
besides incorporating better heat-transfer techniques. 
Third generation stations of breeder reactors are not 
expected to be practicable before 1970. 


Since only at that stage will be extraction of usable 
energy from nuclear fuel be sufficiently large to ensure 
a rapid decline in the cost of generating nuclear power, 
it might have been safer, for those countries that are 
adequately endowed with conventional sources of 
power, to avoid large investments in nuclear power 
generation in the sixties. But there was another factor 
to be considered. The advanced reactors to be set 
up later will require highly enriched fuel, and there 
are Only two ways of obtaining it. The first is 
by separating the isotopes of uranium by gaseous dif- 
fusion, which requires considerable investment in 
plant and also large amounts of cheap electricity. The 
establishment of new isotope-separation plants would 
hardly be economical if the cost could not be passed 
on partly to the military budget. So that the U.S.A. 
is today virtually the only source from which other 
countries can get large quantities of uranium enriched 
with a high percentage of its fissile isotopes. But natu- 
ral uranium can also be enriched by the use of pluto- 
nium, which is produced by irradiating natural ura- 
nium and can thus be obtained as a bye-product in 
power reactors fuelled with natural uranium. By set- 
ting up a sufficient number of first-generating stations 
of this type, therefore, any country with uranium re- 
sources can be self-sufficient in the enriched fuel re- 
quired for the operation of reactors of more advanced 
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types, and in particular for use in the breeder stations, 
when nuclear power will have reached its maturity. 
So the planners have been faced with a further choice 
of policy. 


* os * x 


Those opposed to large-scale investment in nuclear- 
power generation have sometimes also referred to the 
possible threat of fission-techniques being rendered 
obsolete by the development of commercial power 
from nuclear fusion—“unlimited power from sea 


II. The UK Nuclear Power 


No country has staked so much on the development 
of nuclear power as Britain. In selecting a single type 
of reactor for intensive development, and concentra- 
ting longer range research on a very small number of 
other types, the U.K. Atomic Energy Authority has 
taken a calculated risk. As early as 1953 it decided to 
proceed with the construction of a full-scale power 
station at Calder Hall, in Cumberland, using natural 
uranium as fuel, graphite-moderated and gas-cooled. 


The first White Paper on nuclear power develop- 
ment, in 1955, provided for nuclear capacity of 
1500-2000 MW to be set up by 1965 for commercial 
use. The ten year programme was considerably step- 
ped up in 1957, to provide for installed capacity of 
5000-6000 MW by 1966. The 1957 programme has 
now been curtailed. But with the new targets of 3000 
MW nuclear power by 1966, 5000 MW by 1968 and 
6000 MW by 1970, the programme is still bigger than 
the 1955 programme, and it remains the most ambi- 
tious programme in any country for the construction 
of full-scale nuclear power stations. 

The Calder Hall reactors, each of 70 MW, became 
critical in 1956 and 1958; part of the similar station 
at Chapelcross, in Dumfriesshire, Scotland, was com- 
missioned last year. The construction of four sta- 
tions of the Central Electricity Generating Board 
is going on, to be completed before 1962; at Berkeley, 
on the Severn in Gloucestershire (capacity 275 MW 
expected to be critical in early 1961), at Bradwell 
in Essex (300 MW); at Hunterston, near Glasgow 
(320 MW); and the largest at Hinkley Point in 
Somerset (500 MW). Also under construction and 
to be completed by 1964, is the 500 MW station at 
Trawsfynydd in North Wales (to be operated in con- 
junction with a major pumped water-storage power 
project). Orders have recently been placed for the 550 
MW plant at Dungeness, in Kent, and the 650 MW 
plant at Sizewell in Suffolk is expected to be ordered 
very soon. Under the revised nuclear programme of 
June 1960, work on four other projected stations, one 
of which was to have been in Northern Ireland and 
another on the Isle of Wight, has been slowed down. 


* * * * 
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water”. The contingency seems to be remote, Since 
Harwell’s Zeta and similar devices attempted in the 
U.S.A. and U.S.S.R. for achieving controlled nuclear 
fusion have so far been unsuccessful, and it will be a 
long step from success in the laboratory to the deve- 
lopment of a technology for operating at 5000°C and 
above. The other possible revolution in nuclear tech- 
nology—direct conversion of fission energy into elec- 
trical power, without converting into heat and passing 
through boilers and turbines—is also a very distant 
dream. 


Programme: Trend of Costs 


The U.K.A.E.A.’s long term programme in 1955 
visualised nuclear power development in three distinct 
stages. In the first stage, dual purpose plants produ- 
cing substantial quantities of plutonium as well as 
60-70 MW power from each reactor would be followed 
by reactors with larger core sizes, with power output 
of about 150 MW per reactor. The second stage of 
development would be marked by a change-over to 
reactors of higher rating, using as fuel natural uranium 
enriched with plutonium obtained from the first stage 
reactors. In the third stage breeder stations would be 
set up with perhaps 100 times more efficient fuel uti- 
lisation than in stage one reactors. 


Subsequently the three-stage concept has been re- 
placed by a more flexible reactor research policy. A 
prototype advanced gas-cooled reactor is now being 
put up at Windscale, with uranium oxide as fuel and 
beryllium or stainless steel replacing magnesium alloy 
for canning the fuel, which will enable operations at 
600°c instead of 400°c as in the commercial stations 
under construction. Achievement of even higher tem- 
peratures is the purpose of the experimental project at 
Winifrid Heath, for a helium-cooled enriched-ura- 
nium graphite-moderated reactor, undertaken jointly 
by the Authority and the European Nuclear Energy 
Agency. Although not a breeder, this reactor is ex- 
pected to have a conversion ratio very near unity, 
working on the U-233/Thorium cycle”, Second- 
Stage systems such as water-moderated and sodium- 
graphite systems appear to have receded to the back- 
ground. Meanwhile progress has been made with 
third-stage reactors. The 15 MW _ experimental 
fast breeder at Dounreay, in the extreme north of 
Scotland, was completed in 1959, a little later than 
Russia’s 5 MW fast breeder but well before the Ame- 
rican fast breeder near Detroit, still under construc- 
tion. A fast breeder uses Uranium 235 or plutonium 
as fuel in the core, without a moderator, and uranium 
238 or thorium in a blanket around the core; neutrons 
“emitted by fission of the core convert the material in 
the blanket, which is not normally fissile, into fissile 
material. There is a breeding gain if more fissile 
material is produced in the blanket than is burned in 
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the core. It is hoped to design a prototype fast-breeder 
station in the 1970's. Although earlier reports had 
indicated that high priority would also be given to the 
development of thermal (i.e. moderated) breeder reac- 
tors working on the U-233/thorium cycle, work so far 
appears to have been confined to zero-energy reactors. 
The U.K. A.E.A.’s policy of concentrating on the 
development of only two types of reactors has of late 
come under increasing fire from the nuclear engineer- 
ing industry. 
* * * * 


While anxiety to take the lead in the development 
of the new technology has been the motive force 
behind Britain’s massive nuclear effort, large-scale 
investment on nuclear power stations would hardly 
have been undertaken if a difficulty in meeting the 
country’s future power requirements from fossil fuels 
had not been foreseen, and if it had not appeared that 
quite early in the programme nuclear power would be 
available more or less at the same cost as conven- 
tional power. The 1955 White Paper anticipated a 
350% increase in the demand for electricity by 1975, 
and calculated that the coal and oil required for power 
generation alone might rise to 100 million tons of 
coal-equivalent a year. Mining costs were rising, labour 
for mines scarce; and considerable investment would 
be needed merely to maintain Britain’s coal output at 
the existing level. Refinery capacity for imported crude 
oil, which expanded from 5 million tons in 1948 to 29 
million tons in 1956, could be expected to go up fur- 
ther, but it was probable that the increased supplies 
would be available at higher costs. The expanded 
nuclear programme of 1957 was, therefore, designed 
to save about 18 million tons of coal-equivalent by 
1965. The feeling was that for Britain nuclear power 
had been harnessed just in time. 

But now the position seems to have changed radi- 
cally. The O.E.E.C. Survey of Europe’s energy re- 
quirements, published early 1960, highlighted the 
oil surplus available from Caribbean and European 
refineries and the slump in freight rates adequate oil 
supplies in the next decade will not merely be avail- 
able at existing prices but possibly even at lower 
prices. After mechanisation in British coal mines, and 
with surplus American coal on offer, there will not 
only be no difficulty in obtaining the additional coal 
requirements in 1965, but the Coal Board has had to 
reassure miners against redundancy. Mining costs also 
will not rise as much as anticipated earlier. So further 
investment in nuclear power in Britain will depend 
increasingly on the prospects of an early reduction in 
its generation costs. 


* * * * 


The capital cost of nuclear power plants is consi- 
derably higher than that of coal and oil-fired plants, 
because of the complexity and size of the nuclear 
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furnace, the special materials used, high safety factors 
employed in the design and the cost of shielding and 
instrumentation. For Calder Hall the capital cost came 
to £145 per KW installed, for Berkeley and Bradwell 
about £160; expectations that for the later stations 
the cost may go down to £100 may not be fulfilled. 
It is possible, however, that with the smaller core 
size, the advanced gas-cooled reactor of the seventies 
may cost about £75 a KW, while the cost of the latest 
coal-fired stations of comparable size would be about 
£40. So far as works costs are concerned, there is no 
reason to think that the maintenance and operating 
cost of nuclear stations will be significantly different 
from those of conventional stations. It is not easy, 
however, to compare fuel costs, because the life of the 
initial nuclear charge and the frequency of replace- 
ments cannot be predicted with certainty, and the cost 
of reprocessing once-used fuel is also uncertain; 
besides alternative methods of recycling fuel have to 
be considered, and the extent of credit which should 
be allowed for the plutonium recovered from the used 
fuel is doubtful. Comparisons between the estimated 
cost per unit of nuclear power and the cost of con- 
ventional power will also vary according to the rate 
of interest assumed on the fuel inventory, the rate of 
amortisation and the load factor at which the station 
is assumed to operate. In the U.K. it has been custo- 
mary to assume 8% capital charges, 5% interest on 
fuel and operation at 75% load factor. 


In 1955 it has been estimated that by 1960 the cost 
of nuclear power in the U.K. would lie between 0.43d 
and 0.59 d per unit. By 1958 these estimates had to 
be revised. The thermal efficiency of the new stations 
was higher than at Calder Hall, but this gain would 
be more than offset by higher site-development costs 
than anticipated earlier, a lower imputed value for 
recovered plutonium, a 10% rise in the general price 
level, and a rise in the interest rate from 4 to 5%. The 
new estimate put the cost per unit between 0.59 d and 
0.66 d for the stations to be commissioned in 1962. 
On the other hand, the costs of conventional power 
in the U.K., which had been expected to rise from 
0.60 d in 1960 to 0.67 d in 1970, was now expected to 
fall from about 0.66 d in 1960 to 0.47 d in 1970. 


It has been stated in Parliament recently that 
nuclear power in the U.K. is expected to be available 
at the same cost as conventional power in 1965 or so, 
and a few months ago, in the World Power Conference 
at Madrid, Sir Christopher Hinton ventured a little 
further into prophecy. He thought that in 1964 the 
cost per unit of power from new coal-fired stations in 
the U.K. would be 0.55d, whereas nuclear power 
would cost 0.60d; by 1966, the two costs would be 
equal between 0.50 d and 0.55 d. At that time the U.K. 
would benefit from lower uranium prices also. Look- 
ing even further ahead he predicted that whereas 
conventional power costs would level off at 0.5d in 


(Continued on page 10) 


INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 











—-~ FPR SF (§ ete Ss UW 


‘ 


—_— OF WS ee oF 


ar Se 


Ce 


- = OD 


nN 














The Kariba Dam is being built on the Zambesi River 
to provide hydro-electric power for Central Africa. 

Transmission equipment for this project is being 
manufactured by BICC. Altogether orders for this 
company total some ten million dollars and include a 
specially designed 330,000 volt single-conductor oil- 
filled cable — at present being manufactured — which 
will connect the underground power house to the 
overhead transmission lines. This will be the highest 
voltage cable ever installed in Africa. 


experience 


in the lead 





keeps 


SE is A Ca SR Ee a 





D.S.0. FOR ECONOMY How do you learn about electric cables ? 


The Ductless, Shaped-conductor 
Oil-filled cable is BICC’s latest 
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development in 33kV transmission. By making them, testing them, installing them, 
Dispensing with fillers and built-in 
ducts, it costs less than s conven- studying them in operation, finding new materials 


tional cable of equal duty. 





and better designs, and then starting all over again. 
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CABLES FOR THE i Years of doing this for every type of electric cable 
FIRST NUCLEAR POWER STATION =|} 


BICC supplied cables and accessories for 
Caldtr Hall, England, the first nuclear 
power station in commercial operation. The 
cables included specially 
designed types resistant 
to intense radiation and 
heat, for operating the 
fuel charging and 
discharging grabs. 


and accessory — that’s where BICC’s experience 


came from. Here are some of the results. 
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THE FIRST 1.P. CABLES 
IN SOUTH AMERICA i 
In face of fierce international competition i 
BICC 69kV Impregnated Pressure Cables 
were selected for power transmission in and 
around fast-growing Porto Alegre, Brazil. 3 
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BRITISH INSULATED CALLENDER’S CABLES LTD., 21 Bloomsbury Street, London, W.C. 1 
Bombay Office: P. O. Box No. 111, Esplanade House, Waudby Road, Fort, Bombay 
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Pollution Control in Industries 


HE Planning Commission has laid considerable 

importance on the immediate need for setting up 
of heavy industries throughout the country. For rapid 
industrialisation, the production of steel is also one of 
primary importance. In the development plans of the 
country, considerable emphasis has, therefore, been 
laid and rightly so in setting up steel plants and speed- 
ing up the progress of manufacture of steel. One 
important aspect in this connection which deserves 
closer attention is that of prevention of pollution of 
water and air around the industries, which are now 
being set up, all over the country. Unless steps are 
taken right from the beginning to keep a proper check 
on the aspect of pollution prevention, the problem 
would be far more serious at a later stage when it 
would be necessary to spend more in safeguarding 
the public health of the areas where such industries 
and mills are being set up. 

It is essential that some sort of legislation is intro- 
duced—either in the Parliament as a Central Act or 
in the various States—so that the treatment of indus- 
trial wastes is controlled by the public health autho- 
rities of the concerned States in which such industries 
are located. The industries themselves are naturally 
keen to have the supply of water and power for the 
successful running of their installations but sufficient 
thought and care are not initially given in dealing 
with the disposal of the industrial wastes and thereby 
pollution of water and air all round the area. It is not 
always appreciated that the industries, in order to 
maintain happy public relations, should ensure to 
keep the atmosphere clean and the sources of water 
supply free from any objectionable matters. 

It is not always practicable to prevent the industrial 
wastes to run into a near-by flowing stream but it is 
certainly possible to treat such wastes so as to remove 
the pollution and convert the same to an acceptable 
standard, With the advancement of public health 
engineering and science, several methods of treatment 
of industrial wastes and pollution control have evol- 
ved. It is only necessary that the authorities in charge 
of the industrial installations are made conscious of 
the dangers that may follow due to non-introduction 
of scientific treatment and control of pollution of air 
and water. Modern techniques have been evolved in 
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lowering down the costs of treatment and increasing 
the effectiveness of pollution control. 


To ensure rigid adherence of the prohibition 
laws, it is desirable that the responsiblity for control 
of pollution is vested on the authority controlling the 
individual industry. It should be made widely known 
to the industrial undertakings that failure to carry 
out an effective control may mean stoppage of the 
running of the plants until such effective measures are 
introduced. It will not be out of place to mention that 
in the area of operation of the Damodar Valley where 
the general and all round development of the valley 
has been entrusted to the Damodar Valley Corpora- 
tion, the responsibility of pollution control has also 
been vested on the Damodar Valley Corporation 
under the Damodar Valley Corporation Act. 


The authority in charge of industrial undertakings 
should not only examine the existing control mea- 
sures, but they should suggest installation of treat- 
ment plants to ensure adequate methods of wastes 
and pollution control. It is, however, true that pre- 
vention of pollution is not only a complex problem 
but it adds to the cost of produce coming out of these 
industries. This cost should not, however, be grudged 
by the people in general to ensure preservation of 
public health of the society. 


In designing treatment plants and determining to 
what extent pollution control is to be effected, it is 
essential to have a clear knowledge about the effects 
of the different wastes disposals from the different 
industrial installations. On this knowledge, the 
method of disposal and means of treatment would 
largely depend. As the source of supply in most of 
the villages and outlying areas in this country is from 
the open streams, it is important to find out the 
capacity of the streams, flowing by the industrial ins- 
tallations, to dilute various wastes to a non-objec- 
tionable limit. In our country, complete segregation 
of wastes streams, which would otherwise enable 
treatment of reduced quantities of wastes is not pos- 
sible till separate arrangements for potable water sup- 
ply in each and every village of the country can be 
ensured by the State. 


Certain common effects of industrial wastes on 
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sources of water supply are— 
(a) addition of dissolved solids, 
(b) suspended matter, 
(c) increase in temperature, 
(d) increase in acidity. 
(e) increase in alkalinity. 
(f) increase in hardness. 


There is also the effect of change in the taste and 
odour of the water though chemically such water may 
be free from any pollution. These effects together 
with the effect of increase in temperature, seriously 
affect the aquatic life as there is always an upper limit 
of temperature for fish and aquatic plant life. The tem- 
perature also plays an important part in the oxygen 
content dissolved in water. Where the waste water is 
again reutilised as in the case of supplying cooling 
water to thermal stations, any increase in tempera- 
ture of the main source of water supply would lower 
the efficiency of the installation. The variation in 
oxygen content will naturally have an effect on the 
animal or aquatic plant life. In respect of the acidity 
or alkalinity, a range of pH value, between 6 and 8 
is always desirable. 


In this country, we have unfortunately very meagre 
data in connection with the Air Sampling. The Meteo- 
rological Department of the Government of India 
does not ordinarily deal with such studies and it is 
essential that Air Sampling and tests should be car- 
ried out simultaneously when the proposals for setting 
up large scale industries are initiated. 


The industrial undertakings are often very reluctant 
to recognise the extent of air pollution lest they are 
forced to contribute to measures in preventing such 
pollution by law. Here again, the industrial manage- 
ment would perhaps maintain good public relations if 
steps are initially taken by them to prevent atmos- 
pheric pollution. The defence that the industrial 
management often puts forward is that since every 
individual contributes to air pollution, the industrial 
undertakings should not be separately asked to pay 
for any pollution control. This atmospheric pollution 
is particularly important in the case of large steel 
plants now being located all over the country. There 
is no doubt that this control is rather costly and adds 
to the cost of the steel, but careful planning from the 
initial stage would help in keeping down the cost of 
pollution control to a large extent and ultimately the 
result that is achieved, would pay for the cost of such 
control. Considerable research and studies are neces- 
sary in this direction and it is hoped that adequate 
steps would be taken in the appropriate quarters to 
ensure pollution control in the larger interest of the 
country. 





(Continued from page 4) 
THE TENNESSEE VALLEY AUTHORITY 


thousands of summer cottages. “Person-day visits” in 
1956 were 27,800,000. In 1959 there were 45,000 
recreational craft on the lakes. Fishing on T.V.A. 
lakes has steadily improved. Tests indicate that less 
than a fifth of the fish are ever caught. (The commer- 
cial fish catch amounted to about 4,700,000 pounds 
in 1959.) 

The overall result of the Tennessee Valley Autho- 
rity has been a release of productive capacity and a 
complex of values not achieved by any other ‘river 
development programme in the nation. 

—By Courtesy of Dictionary of American History 





(Continued from page 8) 
THE OUTLOOK FOR NUCLEAR POWER 


1974, nuclear power costs would continue to fall, 
dropping below 0.45 in 1972. These projections are, 
of course, no more than informed guesses. 


* * * * 


The hopes with which the engineering industry in 
the U.K. had gone into the development of nuclear 
power have not been entirely fulfilled so far, and there 
have been amalgamations to reduce the number of 
firms competing for limited business. Even the revised 
programme provides, however, for the construction of 
One new station each year for the next few years. 
Besides the U.K. ‘s supplying one nuclear station to 
Italy and another to Japan. 

To be continued 





(Continued from page 23) 


SURVEY IN RIVER VALLEY PROJECTS 


each River Valley Project so that full time and undi- 
vided attention can be devoted by the men employed 
in this wing. 

Moreover in a highly mechanised construction pro- 
ject as at Maithon or Panchet Hill it is all the more 
necessary to institute an independent department to 
lessen the burden on the man in the main construc- 
tion work. By having such an organisation and divi- 
sion of work better efficiency can be expected and 
greater control can be exercised on the works as the 
surveys and measurements are done by an indepen- 
dent body to countercheck where, necessary. The 
cost analysis for work carried out by the help of 
data provided by such an independent body will be 
more accurate and give a clear picture of the works 
carried out. It therefore becomes crystal clear about 
the importance of the surveys and it is therefore hoped 
that the River Valley Project authorities will realise 
this and give a prominent place to this survey work. 
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Inspection and Testing of 
Materials for Turbines and Generators -II 


[Continued from November 1960 issue] 


Castings 

OME indication has been given before of the 

difficulties encountered in producing sound steel 
ingots. Even with the best possible ingot mould and 
with conditions designed to promote progressive soli- 
dification and with as nearly perfect feeding as pos- 
sible, there is nearly always some axial porosity. How 
much more difficult, therefore, is the task of the steel- 
founder who has to make castings of varying section 
which are impossible to feed perfectly and which 
involve additional risks due to trapped gas, contrac- 
tion cracks due to uneven cooling, and so on. 

In even the simplest half-cylinder casting for a 
steam turbine there are marked changes in section 
between flanges and cylinder wall and at steam con- 
nections and passages. A valve chest with its box- 
like shape and internal partitions presents additional 
difficulties, and when the two are combined as in the 
casting shown in Fig. 1, the moulding and pouring 
procedure require very careful consideration indeed. 

Apart from these difficulties turbine castings may 
weigh up to 15 tons after knocking out of the mould, 
fettling and cutting off runners and risers. With good 
foundry practice they may weigh about twice as 
much before the risers are removed, and Fig. 14 
shows a simple half-cylinder casting with the risers 
still in position, being dressed. 

Turbine castings must not only have ample heads 
but they must be cast under the best conditions; that 
is (a) to give internal soundness where this is impor- 
tant, and (b) to place unavoidable defects where they 
do not matter or where they can be revealed and 
remedied during subsequent manufacture. 

It must be recognized that the casting with the 
best external appearance is not necessarily the 
soundest one. The casting shown in Fig. 14 was 
correctly cast with the heavy flange uppermost and 
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Fig. 14. A cast steel half-cylinder and risers removed 
from the mould. 


with the risers, which act just like the feeder head of 
an ingot, directly on top of the flange, because this 
will promote progressive solidification from the 
bottom upwards with a downward flow of still liquid 
metal to accommodate the contraction that occurs on 
freezing. This means, however, that the flange may 
contain some segregation of impurities of the type 
occurring in the upper part of an ingot, and the sul- 
phur print (Fig. 15) taken on the machined flange of 
a turbine cylinder, illustrates this. The position of 





Fig. 15. A sulphur print from the flange of a cast 
steel turbine cylinder. The pattern of segregation indi- 
cates the arrangement of feeder heads. 
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the risers, or feeder heads, is clearly indicated; in- 
deed the indications on this print are more pro- 
nounced than usual. Defects of this type in the flange 
are not generally a serious matter but, and this is an 
important point, a casting of this shape with a per- 
fectly sound flange, and giving a clean sulphur print, 
would be under grave suspicion of containing serious 
segregation and shrinkage elsewhere, possibly hidden, 
through not having been cast by the proper technique. 

Experience shows that the manufacture of turbine 
castings requires real co-operation between the desig- 
ner and the founder, and important AEI castings are 
obtained only from a few foundries with whom there 
is excellent liaison. The inspection technique must also 
be really searching, and the founder must be willing 
to have defects revealed and to modify his moulding 
and casting technique accordingly. 

At the same time the design engineer and the ulti- 
mate customer must recognize that perfect castings are 
not possible and must be willing to consider realisti- 
cally the repair of defects when they occur. 

AEI has fostered this policy for very many years 
and has hundreds of difficult turbine cylinder, steam 
chest and other castings giving trouble-free service 
under onerous conditions. Furthermore, this policy 
has not led to an increase in the percentage rejection 
of castings, but it has led to the adoption of improved 
foundry techniques with corresponding improvement 
in quality. It has also led to the disclosure of defects 
at an early stage, when they can be repaired, rather 
than on water test after finish-machining when they 
might cause rejection and might delay delivery of a 
complete machine. 

The success of the policy referred to above has 
been dependent on a really revealing inspection tech- 
nique, and it may be of interest to set out the routine 
procedure which was first developed at Trafford Park 
and which has been used for very many years. 

This is as follows:—{i) The casting is moulded 
and cast by a method previously discussed and 
agreed. It is rough fettled, annealed and rough machi- 
ned on the main flange faces and cylinder bores. 
(ii) The casting is pickled in acid, washed in hot lime 
water, allowed to dry and inspected for cracks, etc. 
(A satisfactory pickling procedure would be to use 
25 per cent HCI cold with an inhibitor, and brush 
intermittently with wire brushes to remove loosened 
oxide. A clean surface would probably be obtained 
in 2-3 hours). (iii) The casting is finish-fettled, de- 
fects are cut out, all corner radii are ground as shown 
in Fig. 14 and magnetically tested for cracks. (This 
normally takes place at the foundry). (iv) Defects are 
repaired (hot welding is used in the case of alloy 
steels), the castings are immediately stress relieved, 
at a minimum temperature of 600°C (or higher 
depending on composition) and furnace cooled. The 
repairs are then cleaned up and proved. (v) After 
delivery to the works, radiological examination may 





be applied to difficult castings in which there is par- 
ticular interest; for example, if the best foundry tech- 
nique has not yet been fully established. There may 
also be a special inspection of casting not completely 
cleared at the foundry or where machining reveals a 
defective condition. 

Although radiological examination is not applied 
to every casting, in the routine way that the pickling, 
grinding and magnetic testing technique is applied, 
proper facilities are provided in the Works for such 
tests. A radiological test laboratory, adjacent to the 
main turbine shop, houses a 400-kV x-ray set and 
is equipped with portable isotope sources of radiation. 
Fig. 16 shows a steam chest being set up for radio- 
graphy of a weld preparation ‘using a multi-Curie 
cobalt source. 





Fig. 16. Gamma radiography employing a multi-curie 
cobalt source. The gear for remote control is shown 
in the foreground. 


Turbine Blades 


The inspection and testing of turbine blading is 
dealt with on a mass production basis, All material 
for moving blades leaves the steelmaker’s works in 
bar form. AEI inspectors approve each consignment 
before shipping and, in addition to the normal tests 
from each consignment, every bar of heat treated 
material has a hardness check. 

Every bar is also stamped for identification with 
symbols issued by the AEI inspector, which enable 
the material to be traced back to the original cast of 
steel. In the works these symbols are transferred at 
different manufacturing operations to the finished 
product. In the case of forged blades, additional sym- 
bols relating to the heat treatment are added; thus 
every moving blade, whether forged or machined from 
bar, is identified in service with symbols which enable 
its history to be traced back to the original cast. 

As regards inspection for defects, all machined and 
forged moving blades are tested for cracks magneti- 
cally as a routine, and any trouble experienced is 
investigated by the Research Department. As a matter 
of historical interest it is worth mentioning that the 
magnetic method of testing for cracks was developed 
at our Trafford Park works because of cracking trou- 
bles experienced with the early stainless steel turbine 
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Residual Stress of 20 Tans/sg inc’. 





blades and also with case-hardened and ground trac- 
tion pinions.* It was first applied to turbine blades in 
1923-4, and the factory was provided with equipment 
for routine testing of every moving blade in 1925. The 
method has been used continuously ever since, as has 
the identification scheme already mentioned. 


Residual Stress Effects 


Although residual stresses are perhaps not a mate- 
rial defect in the generally accepted sense, it is impor- 
tant that both forgings and castings should be subs- 
tantially free from internal stresses. 


In the case of turbine rotor forgings particularly, it 
is also important that the small stresses which are 
unavoidably left should be symmetrically disposed; 
otherwise there may be distortion on machining or in 
service, or possibly even premature failure by crack- 
ing. The risk of distortion in service, due to unsym- 
metrically disposed internal stresses, even when the 
stresses themselves are of a low order is, in fact, one 
reason for applying a routine stabilizing treatment to 
all turbine rotor forgings. 

Very high internal stresses may be involved in ail- 
or even air-hardening operations, and the subsequent 
tempering treatment should reduce these to a low level 
as well as determine the mechanical properties of the 
steel, However, the tolerance in temperature and soak- 
ing time, between satisfactory and unsatisfactory tem- 
pering conditions, may be small, as can be seen from 
Fig. 17. 

Fig. 18 shows the magnitude and distribution of 
the residual stresses left in a nickel-chromium-molyb- 
denum oil-hardened turbine wheel of 60-ton tensile 
strength that had been tempered at a temperature 
rather below the normal range. The stresses referred 
to were circumferential stresses and they were esti- 
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Fig. 17. The effect of tempering temperature and soaking 
time on residual heat treatment stresses for high tensile 3% 
Cr Mo steel. 





*For a brief account of the development and early applica- 
tions of the method see Non-destructive Testing by J. F 
Hinsley (McDonald & Evans Limited). 
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¥ig. 18. Residual stresses (tons/in.*) in a hardened and 
teMpered disc forging. 


mated from the change in diameter of rings when 
parted from the forging. 

There are many other ways in which undesirable 
internal stresses can arise in both castings and forg- 
ings, and in welded structures also, and unfortun- 
ately there is no practical non-destructive method of 
testing to disclose an unsatisfactory condition of this 
type. It is not possible either to safeguard this risk 
entirely by the wording of specifications, even assum- 
ing that specification requirements are rigorously 
complied with by suppliers. A good deal can be done 
to reduce the risk, however, by an alert and informed 
inspection service. 


Heat Exchangers 


In the operation of a modern steam-driven power 
station, the reliability of the heat exchangers is as 
important as that of the turbine or generator, and 
considerable development in inspection and testing 
techniques has been necessary to keep pace with the 
increased unit size and increased steam temperature 
and pressure. This applies not only to the tubes 
themselves but also to the heat exchanger body and 
to the tube-to-tubeplate joints. 


Dealing first with new tubes, it became very clear 
by about 1950-52 that the traditional surface inspec- 
tion and over pressure tests applied to condenser 
and low pressure feed-water heater tubes was no 
longer sufficiently searching: at this time the Com- 
pany sought therefore to safeguard its own position 
by the development and adoption of eddy current 
methods of tube inspection as a routine to all new 
tubes before assembly in the works. Fortunately this 
did not prove necessary, as the tube makers were all 
co-operative and, after a period of development, all 
the leading British makers of condenser and feed 
heater quality tubes themselves adopted eddy current 
methods of tube testing as a routine. This method can 
be made highly sensitive, and the rejection of faulty 
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tubes can be made automatic; experience now indica- 
tes that its adoption has done a great deal to ensure 
the supply of tubes of a consistent and very high 
standard of quality. 

Fig. 19 shows a cross-section of a tube with a seri- 
ous longitudinal defect 0.020 in. deep which might 
not be visible but which would be readily revealed by 
eddy current test. 


The eddy current method employed is similar in 
principle to that applied to the inspection of tube 
bores for pitting corrosion after a period of service 
except that, for that purpose the search coils must, 
of necessity, be passed through the tube bores. For 
tube inspection at the maker’s works the tubes can 
more conveniently be passed through the search coils. 
The frequency selected for the testing of new tubes is 
such that full penetration of the tube wall is achieved, 
so that from this point of view the energizing and 
search coils may be either external or internal. 


For both purposes the principles of the method 
consist in measuring a selected component of the 
impedance of a short length of the tube wall under 
the influence of induced currents of medium fre- 
quency. 

The most common method of examination provides 
for continuous comparison of the impedence of two 
adjacent portions of the tube wall. In this way, the 
effects of grain size, composition, hardness, wall 
thickness, and other variations in physical properties 





Fig. 19. Etched transverse section of a heater tube 
showing a defect 0.020 in. deep not visible on the 
tube surface. 





are largely eliminated, and the incidence of a defect 
in the tube material within one of the coils will pro- 
duce an unbalance effect which can be immediately 
related to material unsoundness. 


The same methods ensure satisfactory quality in 
tubes for the higher pressure feed-water heaters manu- 
factured today where the corrosion problem is-re- 
duced but where failure to tubes by leaking can have 
more serious consequences. A tube failure in the body 
of a high pressureheater may shut down the plant or 
seriously impair its efficiency, and almost invariably 
the water jet produced at the fault will quickly cause 
extensive damage to a large number of tubes in its 
vicinity. Failure of a tube within the tubeplate or 
even slight leakage at the tubeplate joint, due to ex- 
ternal surface defects such as draw marks or seams 
may, under high pressure conditions, erode away so 
much of the tubeplate that repair becomes a major 
operation. Indeed, the degree of tube-to-tubeplate 
joint tightness required to ensure reliability, in service, 
of a high-pressure feed-water heater, has provided a 
testing problem apart from that of tube quality. 


Low pressure feed-water heaters normally have a 
roller expanded joint between tube and tubeplate as 
shown in Fig. 20 (a). Higher pressures, however, have 
led to the development of tube-to-tubeplate joints 
incorporating a seal weld with a roller expanded joint 
as a supplementary safeguard and to provide support 
for the tube as shown in Fig. 20(b). 

For testing an assembled high-pressure heater tube 
nest the conventional hydraulic test is not sufficiently 
sensitive-to very small leaks. It can be much improved 
by maintaining the pressure for very long periods, say 
up to 72 hours, and by applying a uniformly sprayed 
coating of talc on the tubeplate surface to accentuate 
the appearance of any slight weepages of water. How- 
ever, gas penetrant techniques are of greater sensiti- 
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Fig. 20. Methods of fixing feed-water heater tubes into 
a steel tube-plate. 
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Fig. 21. A halogen leak detector testing tube-to-tube 
plate welds on a high pressure feed-water heater. 


vity and the halogen leak detector has been adapted 
successfully to heater inspection (Fig. 21). The probe 
head carries a special adapter for use on tube- 
welds. An audible signal fed to ear-phones gives the 
operator warning of a leaky weld. Care is needed 
in the application of the test in the open shop, because 
of its indiscriminate sensitivity to any stray halogen 
ions, and the ease with which the test cell can be 
‘poisoned’ in the presence of heavy concentration of 
halogenized vapour from large leaks. 

Heater shells typify a number of similar fabricated 
structures of the pressure vessel type demanding a 
high quality of material and construction. Plate mate- 
rial for this purpose is obtained to specifications 
designed to ensure uniform properties and good wel- 
dability, but it may require further inspection for the 
most Onerous conditions. 

Among the many applications of ultrasonic ins- 
pection may be mentioned its use in testing such 
plate for laminations. The elimination of seriously 
laminated plate is an obvious necessity, but it is 
equally important when using steel plate for highly 
stressed fabricated structures, to guard against the 
incidence of widely dispersed laminations. Individu- 
ally these may be of small size and possible have 
no significant effect on the strength of the plate as 
a whole, but they must be avoided in the vicinity 
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of stressed welds. A technique is employed on which, 
for sound plate, the regular multiple echo pattern 
with smooth attenuation is obtained as shown in Fig. 
22(a), whilst the irregularly spaced pattern with grea- 
ter attenuation is obtained from a region containing 
dispersed laminar discontinuities as seen in Fig. 22(b). 
An extensive lamination at or near the mid-thickness 
may give a pattern similar to that shown in Fig. 22(a) 
but with only half the distance between successive 
peaks. 

Radiological examination of the butt-welded joints 
of a heater shell is, of course applied in accordance 
with the best possible practice prescribed for class I 
pressure vessel work. Where conditions do not make 
radiography mandatory, it is still of considerable 
value, in maintaining a high standard of welding, to 
have radiological facilities available. Mobile equip- 


Ultrasonic inspection technique for steel_plate. 





Fig. 22 (a) Trace from sound plate. 





(b) Trace from laminated plate. 
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ment has proved its value and can be used on work Tests on other Components 

in course of fabrication on the factory floor (Fig. 23). This article has, of necessity, been concerned with 
the inspection and testing of a limited number of 
components and materials, but the quality and uni- 
formity of many other materials are vital to the reli- 
ability of machines in service and these are, in fact, 
also catered for. The variety of materials dealt with 
can be illustrated by the following examples :—{i) 
Conductor materials, including the silver bearing cop- 
per windings of generator rotors, which derive their 
characteristic properties from a small amount of cold 
work as well as from composition. (ii) Tool steel col- 
lector rings. (iii) Bolting materials including both high 
strength materials for normal temperatures and spe- 
cial alloys for high steam temperatures. (iv) White- 
metal lined bearings. 


Although it is not possible to deal with the methods 
of inspection and testing applied to these and other 
materials, it is hoped that enough has been written 
to demonstrate the importance of the role that an 
efficient inspection service can play in ensuring the 
quality of the materials used in turbines and genera- 
tors and hence the reliability in service of the 
machines themselves. 





Fig. 23. A mobile 250-kV X-ray set in operation. 
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The humeogeneous Concrete is drymixed with minimum water. The 
pipes are reinforced by an electrically welded steel cage. The 
Combined spinning, bumping and Screeding process used in the 
manufacture of Humeogeneous pipes, gives them better con- 
sistency, more strength and longer life. Available in all 


sizes from 3"’ to 72’’ diameters. 
Manufactured & Supplied by :— 


THE 
INDIAN HUME PIPE 
CO. LTD. 


CONSTRUCTION HOUSE, BALLARD ESTATE, 
BOMBAY |}. 


Calcutta Branch: 190/1, Rash Behari Avenue, Calcutta-29, 
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Determination of Absorption 
Losses on Sabraon Branch and Kasur 
Branch Lower of Upper Bari Doab Canal 


T has been observed that high percentage of water 

let off at the head of a canal, seeps into the subsoil 
through unlined canal, branches and distributaries. It 
is generally ascertained that out of the total quantity 
of water that enters a canal at the head, 17% is lost 
by way of absorption and evaporation in the main 
canal and branches, 8% in the Distributaries and 
Minors and 20% in the water courses. This means 
that for every 100 cft of water received in the field, 
182 cft of water is released at the head. It has been 
further found that even out of this 100 cft put in the 
field, only 70 cft is utilized by the crop plants and 
the remaining 30 cft is lost by way of absorption in 
regions below the root zone of the crops. So out of 
the 182 cft of water that enters a canal hardly 70 
cft is utilised for crop production and the remaining 
112 cft of water largely goes into the subsoil to add 
gradually to the rise of water table. Further due to 
lack of suitable drainage system, surface as well 
as underground, the subsoil water table goes on rising 
and induces waterlogging accompanied by all its evils 
of Thur and Sem. In order to have a quantitative idea 
of the amount of water which goes into the subsoil 
through main line branches and distributaries etc. a 
study has been instituted in the first instance to deter- 
mine the extent and magnitude of absorption losses in 
respect of Sabraon branch and Kasur Branch Lower 
of the Upper Bari Doab Canal. This study is confined 
to the four months from November to February, eva- 
poration losses being least in this period. It will then 
be extended to full year as well as to other branches, 
distributaries and minors of this canal system as well 
as others. 


Absorption losses have been worked out by sub- 
stracting the total supply delivered into all the distri- 
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butaries of the particular branch of a canal during 
these four months from the total supply let into the 
branch during this period. The relevant statistics have 
been compiled from the gauge and discharge registers 
maintained in the U.B.D.C. of ces. 

The results of analysis in each case are given 
below : — 


A: Sabraon Branch 


(a) Sabraon branch which takes off from Kasur 
Branch Upper at Sathiali irrigates the tract which 
comprises of Jandiala Division in Upper Bari Doab 
Canal Circle. The data studied covers the period 1945- 
46 to 1957-58. Absorption losses thus worked out for 
the years 1945-46 to 1957-58, during the period 
November to succeeding February are given in Table 
I. The losses have been further expressed as percen- 
tage of total supply delivered into the Branch canal 
given in the same table. The following items have 
been investigated : — 

(1) Magnitude and extent of losses. 


(2) Relation between supply delivered into the 
canal and total absorption losses. 
(3) Variation of losses from year to year. 


Magnitude and Extent of Losses 


It has been calculated that on the average 20 per- 
cent of supply delivered during the months Novem- 
ber to February, is lost by way of absorption in 
respect of Sabraon Branch. The analysis has further 
revealed that daily mean absorption losses work out 
to 35.6 cusecs during the months November to Feb- 
ruary the average being worked out on the number 
of days in this period and not on the number of days 
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TABLE I 
STATEMENT SHOWING TOTAL SUPPLY DELIVERED INTO SABRAON BRANCH FROM NOVEMBER TO 
FEBRUARY AND ABSORPTION LOSSES FOR THE SAME PERIOD 








Total absorption 











Years Total supply deli- Supply deivered Average daily % absorption 
vered into the canal into distributaries absorption 
(less escapage) (Cusecs) (Cusecs) 
(cusecs) (cusecs) 
1945-46 23,187 19,590.5 3,596.5 29.97 15.51 
1946-47 24,952 19,934.0 5,018.0 41.82 20.11 
1947-48 35,220 27,257.0 7,963.0 65.81 22.61 
1948.49 26,492 23,134.4 3,357.6 27.98 12.67 
1949-50 26,050 22,219.9 3,830.1 31.92 14.70 
1950-51 36,486 25,417.4 11,068.6 92.2 30.34 
1951-52 23,256 18,271.3 4,984.7 41.20 21.43 
1952-53 24,042 19,040.54 5,001.46 41.68 20.80 
1953-54 25,558 21,294.36 4,263.64 35.53 16.68 
1954-55 22,758 19,575.3 3,182.7 26.52 13.98 
1955-56 44,007 35,488.42 8,518.58 70.40 19.36 
1956-57 46,346 29,544.74 16,801.26 14001 36.25 
1957-58 38,803 32,164.43 6,638.57 55.32 17.11 
Average 53.88 20.12 





canal was in flow. Daily quantity of water thus lost 
by absorption amounts to 30,75,840 cft during these 
months, 


Relationship between supply delivered into the canal 
and Absorption Losses 

Total supply delivered into the canal (less esca- 
pages) during the months November to February and 
figures of absorption losses for the corresponding 
period are given in Table I. and plotted in Fig 1. A 
persual of Table I clearly indicates that increase in 
supply delivered into the canal results in increase in 
absorption losses and vice versa. This has been fur- 
ther statistically verified by working out coefficient of 
correlation between total supply delivered into Sab- 
GRAPH SHOWING PLOTTING OF TOTAL SUPPLY DELIVERED INTO 
SABRAON BRANCH (LESS ESCAPAGES) AND ABSORPTION LOSSES 
DURING NOVEMBER TO FEBRUARY FOR THE YEARS 1945-46 

TO 1957-58 
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raon branch and absorption losses. The correlation 
coefficient came out to be highly significant which 
confirms that increase in the supply delivered into the 
canal results in increase in the absorption losses. 


Variation of losses from year to year 


A perusal of Table I will clearly show that 

(1) There is a great variation of losses from year 
to year. 

(2) Percentage absorption vary from 12.67% to 
36.25%, average being 20.12%. 

(3) No significant trend towards increase or de- 
crease in percentage absorption is evident from 
the data; 


B: KASUR BRANCH LOWER 


Kasur Branch Lower also takes off from Kasur 
Branch Upper at Sathiala and irrigates Jandiala Divi- 
sion of the Upper Bari Doab Canal Circle. 


Magnitude and Extent of Losses 


Figures of total absorption losses from November 
to February for the years 1945-46 to 1957-58 are 
given in Table 2 and plotted in Fig. 2. It has been cal- 
culated that an average of 18 percent of water deli- 
vered into this Branch during the months November 
to February is lost by way of absorption which slight- 
ly falls short of Sabraon branch. Daily mean losses in 
case of this Branch work out to 55.5 cs, the average 
being worked out on the number of days in this period 
and not on the number of days the canal was in flow. 
The average quantity of water thus lost by absorp- 
tion works out to 47,95,200 cft. 


Relationship between supply delivered into the 
canal and absorption losses 
A perusal of Table 2 and Fig. 2 will clearly indi- 
cate that increase in supply delivered into the canal 
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resulted in increase in the amount of absorption los- 
ses, This was further confirmed by working out cor- 
relation coefficient between total supply delivered into 


the canal during the four months, November to Feb. 
and amount of absorption losses in the corresponding 
period. 


Variation of losses from year to year 

(1) There is less variation in percentage absorption 
losses in case of this Branch as compared to 
Babroan Branch. 

(2)- Absorption vary from 14.86% to 22.11% 
during the period considered, average being 
18.23%. 

(3) No significant trend towards increase or de- 
crease in percentage absorption is evident from 
the data in this case also. 

Further work is being continued. 


Summary 
In order to have a quantitative idea of the amount 


of water which goes into the subsoil through unlined 
canal, a study was instituted in the first instance to 
determine the magnitude and extent of absorption 
losses in respect of Sabraon Branch and Kasur Branch 
Lower of the Upper Bari Doab Canal during the 
winter months November to February. The study will 
be extended as to cover the whole year as well as to 
other canal systems, 


TABLE 2 


STATEMENT SHOWING TOTAL SUPPLY DELIVERED INTO KASUR BRANCH LOWER FROM NOVEMBER 


TO FEBRUARY AND ABSORPTION LOSSES FOR THE SAME PERIOD 





Total absorption 


Total supply deli- 


Supply delivered 


Average daily 


% absorption 


Years 
vered into the canal into distributaries absorption 
(less escapage) (Cusecs) (Cusecs) 
(cusecs) (cusecs) 

1945-46 31,925 27,181.5 4,743.5 39.53 14.86 

1946-47 37,500 30,805.0 6,695.0 55.79 17.85 

1947-48 Data incomplete 

1948-49 34,572 28,763.0 5,809.0 48.41 16.80 

1949-50 33,272 25,916.15 7,355.85 61.30 22.11 

1950-51 33,160 26,327.35 6,832.65 56.94 20.61 

1951-52 29,230 23,969.9 5,260.1 43.47 18.00 

1952-53 30,195 24,693.7 5,501.3 45.84 18.22 

1953-54 Data incomplete 

1954-55 Data incomplete 

1955-56 40,574 33,602.5 0,971.5 57.62 17.18 

1956-57 46,153 36,860.5 9,292.5 77.44 20.13 

1957-58 49,667 41,434.5 8,232.5 68.60 16.58 
55.49 18.23 


Average 
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Survey in River Valley Projects 


URVEYS occupy paramount place in the prepa- 

ration of preliminary reports and in the construc- 
tion of River Valley Projects. They supply the basic 
data for the choice of the site, the type of structures 
to be built, the quantity of materials involved in the 
structures, for preparing the construction programme 
and for the acquisition of lands for the Project. Accu- 
rate surveys for these purposes are therefore quite 
essential for the estimation of the cost of the Project 
beforehand and for the completion of the work within 
the stipulated cost and the scheduled target date 
without making any changes in the construction sche- 
dule as are being witnessed in many River Valley 
Projects under construction. Hence it becomes impe- 
rative after a project is mooted out to set up a sepa- 
rate department for this important task with a team 
of experienced and well trained men. 


The following are the various kinds of surveys 
needed in a River Valley Project. 


. Location Surveys. 

. Sub-surface investigation Surveys. 

. Topographic Surveys. 

Area capacity Surveys. 

. Reservoir Surveys. 

. Retrogression Survey. 

. Sedimentation Survey. 

. Surveys for anti-malarial measures. 

. Exploration surveys for Borrow Areas and Quar- 

ries. 

10. Soil Classification Survey. 

11. Silt Survey. 

12. Surveys for estimating the quantities of materials 
for the Project. 

13. Control Surveys. 

14. Surveys for the daily construction work in the 
Project. 

15. Surveys to ascertain the progress of work and to 

provide necessary data for costing. 


OSANAMNHLWN 


The role which each of the above plays in the eco- 
nomic execution of the Project can be better appre- 
ciated by dealing each one of them in great detail. 


Location Surveys 
Great care needs to be exercised in fixing the align- 


JANUARY, 1961 


ments of the Hydraulic structures for the Project. A 
number of alternative lines has to be laid on the field 
before choosing the final alignment because a com- 
parative study has to be made regarding the merits 
and demerits of each. Rarely do we come across with 
an ideal site wherein decision can be given on the 
spot at the mere sight as in the case of a deep narrow 
gorge having good abutments on the sides. 


In the absence of such an ideal site it becomes 
absolutely incumbent to study a number of alignments 
before making the final selection. The argument ap- 
plies with equal force in the location of canals, canal 
off-takes etc. It is essential to realise the paramount 
importance of this Survey work since it forms the 
first step. 


Sub-Surface investigation Surveys 


This survey is meant for ascertaining the nature of 
the foundation to be met with and the depth of dif- 
ferent stratas of materials in the river bed; The full 
extent over which the hydraulic structures are to be 
founded should be explored in minute detail for the 
location of soft zones such as clay pockets, other 
materials having low bearing strength, springs, arte- 
sian wells, deep fault and fissure lines. The existence 
of these calls for special treatment for the safety of 
the structure. A detail survey should be made and 
foundation plan be prepared giving full information 
about the findings observed in the course of drilling 
operations. Omission or non-detection of any of these 
in the beginning will have a telling effect on the cost 
of the Project and will upset the whole programme 
of construction. This has been realised at great cost 
by many of the engineers working in the Projects. 


Topographic Surveys 

In order to prepare the designs of different units a 
correct picture of the site is to be presented to the 
designer. This needs accurate contour surveys both 
ground contour survey and if need be aerial contour 
surveys. These contours are to be drawn at every 5 
feet intervals. This constitutes one of the main econo- 
mic surveys that is to be done in every River Valley 
Project. 
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Area Capacity Surveys 

This is necessary to fix up the economic height of 
the structure so as to arrive at minimum submergence 
of the useful land and the maximum possible capa- 
city of the reservoir. A number of contours has to be 
laid out and areas calculated. Graphs should be drawn 
connecting (1) elevation (height and area of sub- 
mergence, and (2) capacity and height. The point of 
intersection of these two curves gives the economic 
height of the dam to be built. Hence this survey 
brings out great economy in the overall cost of the 
Project. 


Reservoir Surveys 


The Reservoir Surveys are meant (1) for demarcat- 
ing the periphery of the high water line in the reser- 
voir for acquisition of lands which come under sub- 
mergence (2) to fix up the boundary of the normal 
pool of the reservoir so that the area between the 
high water line and the normal water line in the reser- 
voir can be leased out for irrigation in case of dire 
necessity, (3) to fix up the reference monuments and 
bench mark pillars along the section lines run in the 
river bed from the dam upto the tail end of the 
reservoir at intervals of about every 4 mile parallel 
to the Dam for ascertaining the capacity of the reser- 
voir and accumulation of silt deposit at regular inter- 
vals. These section lines are to be laid as close as 
possible at the tail end of the reservoir where the 
depth is shallow and should cover up all the nallahs 
within the high water line, (4) marking out irrigable 
areas within a distance of 4 mile around the periphery 
of the high water line for the purpose of preparing 
schemes for lift irrigation from the reservoir in case of 
failure of rains when water is required for the matu- 
rity of the crops. 


Retrogression Survey 

Surveys are to be undertaken downstream of the 
dam along the course of the river upto a certain length 
twice a year once before the monsoon and then after 
the monsoon in order to ascertain the extent of ero- 
sion that may likely to take place both in the bed and 
in the banks. This survey will provide sufficient clue 
for the necessity of taking up protective measures 
downstream of dam in order to prevent the retro- 
gression of levels. 


Sedimentation Survey 
This survey is required to be conducted in the reser- 
voir once in every five years in order to estimate the 
inflow of silt into the reservoir. This will help to take 
up the measures required for increasing the life of the 
reservoir. 


Surveys for Anti-Malaria Measures 
Malaria and irrigation go hand in hand. With the 
undertaking of irrigation projects it becomes quite 


essential to take up anti-malarial works. The anti- 
malarial engineering measures adopted in the case 
of reservoirs is to fluctuate the water level in the 
reservoir and thus provide what is called anti-malarial 
surcharge. The area upto this surcharge level should 
be deforested. Surveys should be done to mark out 
the limits along the shore line for the deforestation 
work and the acreage of areas to be cleared of trees 
and shrubs are to be found out. This clearance is also 
required for fish culture which is one of the benefits 
claimed for the River Valley Projects. 


Exploration Survey for Borrow Areas and Quarries 


After the site is chosen and the project is sanc- 
tioned it is the primary task to carry out the surveys 
for the materials of construction within the economic 
haul distance. Especially in the construction of Earth 
Dams the design depends on the properties of the 
materials available locally. The areas in the vicinity 
should therefore be examined both for the suitability 
of the materials and for the quantity available. The 
zones should be demarcated for different quantity of 
materials, An extensive survey should be undertaken 
to fix up the Borrow area and a programme of tap- 
ping these zones should be prepared. Quarries for 
rocks for aggregates and for pitching work must be 
explored and plotted on the location map. Any delay 
in undertaking this work or mistakes in the selection 
of these will cause bottlenecks in the progress of 
work and hence to the increase in cost. 


Soil Classification Survey 


This is the other economic survey which should be 
done in every irrigation Project. The soils in the area 
commanded by the canal system in the irrigation pro- 
ject should be surveyed and classified for determining 
the crops to be grown and for fixing up the crop pat- 
tern. The crop pattern is necessary to arrive at the 
water requirements and subsequently for the design 
of the canals. The importance of this survey for the 
economic design of canals is being realised by the 
Irrigation Engineers and is undertaken in all the 
Projects. 


Silt Survey 


Surveys must be undertaken to have idea of the 
inflow of silt in the reservoir. A rough estimate of this 
can be had by measuring the depth of silt which gets 
deposited in the area near the upstream toe of the 
dam during the years of construction. These surveys 
will throw sufficient light on the problem and will pro- 
vide very valuable data for design purposes. 


Surveys for Estimating the Quantities of Materials 
involved in different Units 
A thorough pre-knowledge of the (1) quantity to 
be excavated for the foundations of structures (2) 
earthwork for embankment (3) materials for masonry 
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work and slope protection (4) and concrete in the 
project is essential to decide in the beginning whether 
the work is to be completely mechanised or to be 
partly mechanised or to be done by manual labour 
as the conditions satisfy the rules laid down by the 
plant and machinery sub-committee. The information 
is also necessary for determining the size of the con- 
struction plant to be ordered and for planning the 
construction plant. This gives the basic data for pre- 
paring the construction schedule and the schedule 
of materials for the smooth execution of the Project. 
Before calling for tenders when the work is to be given 
on a contract the exact quantities of different items 
works must be known earlier. To estimate the quan- 
tities correctly longitudinal sections and cross sections 
along the alignments of different units in the project 
should be taken. If the section are not taken suffi- 
ciently or if they do not cover up every details such 
as depressions and change of elevations and other 
important existing topographic features a great differ- 
ence will be found during the course of construction 
causing many difficulties. This mistake committed in 
the earlier stage will upset the planning and will bring 
about great delay in the completion of the work as in 
some cases it calls for taking fresh sanctions issuing 
new work orders, calling again for fresh tenders since 
the amount exceeds the sanctioned estimate. Hence 
to avoid these troubles proper survey should be done 
and quantities should be accurately estimated. 


Control Surveys 


To control the work during the period of construc- 
tion it becomes incumbent to establish Base Lines, 
co-ordinate points, chainage points, reference monu- 
ments, bench mark pillars and axis points in such 
places where they will not be disturbed by day to 
day work. Before the construction is to start the area 
of construction should be marked and all other infor- 
mations to be provided by survey work should be 
furnished for the rapid and easy construction work. 
Without the aid of these reference monuments, bench 
marks, and other points it will be difficult to control 
the day’s work in order to see that the construction 
is done as per the drawing. 


Surveys for the daily Construction Works 

It is quite essential to see that the profile of the 
structure under construction is maintained properly as 
per the lines shown in the design drawings. 

For this purpose the slopes of the structures have 
to be checked up daily and slope points (toe points) 
should be given for every layer in the case of Earth 
Dam and for every lift in the case of concrete 
dam. Positions for the reinforcements and other 
embeded parts which go into the Concrete Dam and 
Earth Dam should be carefully marked. The points 
for curves and other geometrical shapes provided in 
the structures and to be given daily as the height is 
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raised. The various zones in earthen embankment 
should be demarcated regularly with the commence- 
ment of each layer. Levels are to be taken daily. Shut- 
tering work for each lift should be checked up for 
proper alignment and maintenance of correct slopes. 
Alignments need to be given and checked up often. 
Various other informations required for construction 
have to be given by surveyors daily. The surveyors 
and the survey staff should always be vigilant and 
must have their eyes glued on to the drawings and 
construction activity so that the construction follows 
the drawings in its entirety. If this is not done there 
will be heavy wastage of materials and involves extra 
work of removing the excess of materials laid on the 
slopes. If the surveyors’ work for the day on the 
embankment is not heeded to by the construction 
men, ultimately it will tell both on the quality of the 
work and the cost of the construction. Surveyors thus 
play a great role in the daily construction activity. 


Surveys to ascertain the Progress of Work and to 
provide necessary and sufficient Data for Cost 
Analysis 

Now every multipurpose River Valley Project has 
been given the directive to submit the progress of work 
in the project at regular intervals and to maintain 
and work out the cost of each item of work done as 
per the reference and clauses laid by the rates and 
cost committee. To furnish this information the pro- 
gress of work done in each unit in the Project should 
be measured at regular intervals, say, weekly. The 
Surveyors should run lines of levels and calculate the 
quantities of materials laid in the structure. A visual 
or graphical progress chart should be prepared and 
filled in regularly indicating the progress at any time. 
Studies are to be made regarding the performances of 
machineries and progress of other works, input and 
Output of materials. Only the quantities thus calcula- 
ted by running levels and taking cross sections by 
surveyors belonging to an independent section in the 
project can be considered as the proper basis for cos- 
ting. It is only the surveys section which can furnish 
the relevant data for the costing department. With the 
help of the progress found out, various other charts 
necessary to present a clear picture and necessary 
information at a glance can be prepared for a proper 
study and examination at any stage by any one. 

Thus one can see the role these surveys and the 
surveyors play in the River Valley Project from its 
very inception when the investigation starts to the 
final completion of the work. Their necessity is felt 
at every stage. From the above it can be realised on 
all hands that for the execution of River Valley Pro- 
jects as per the estimated cost and the target period 
the surveys enumerated above should be undertaken. 
Due to the great importance and the magnitude of this 
work it is but fair to have an independent section in 
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Operation of 


DVC Reservoirs: A Brief Review 


The following is a brief review of operation of DVC reservoirs during the monsoon months 
July to October 1960, prepared in the Reservoir Operation and Control Office of the DV.C. 


Different Purposes to be served and the 
General Approach 

HE different purposes to be served by the reser- 

voirs were flood control, release of flushing doses 
for maintenance of river regime in lower valley, water 
supply for kharif irrigation, hydel power generation, 
water supply for industrial and domestic uses, fore- 
shore farming, fishery development, malaria control 
and storage of water for dry period release. 

The flood control purpose was served by keeping 
the portion of the reservoir capacity above monsoon 
storage level (equal to 1.05 million acre-ft. in the four 
reservoirs together) empty at all times so that the 
excess flood inflow above the safe discharge could be 
held back temporarily and released later when the 
flood recedes. 

Provision for release of flushing dose was made by 
earmarking 100,000 acre-ft. of storage capacity at 
Panchet between R.L. 402 and R.L. 410. This provi- 
sion was for July and August only and after 31st 
August the capacity between R.L. 402 and R.L. 410 
was to be filled up as part of monsoon storage. 

Sufficient water was to be filled up in each of the 
reservoirs so that the water level would reach monsoon 
storage levels before the rainy season came to an end. 
Release below dams was to be adequate at all time 
to meet the requirements of kharif irrigation and of 
industrial and domestic uses. The excess water was to 
be so released as to generate maximum hydel power. 
The fluctuation in the reservoirs was to be such that it 
would not adversely affect foreshore farming and 
malaria control operations. In the interest of fishery 
development it was desirable to avoid drawing the 
reservoirs below dead storage level. 


Guide for flood control operation 
In the comments received from West Bengal Govt. 
authorities it was pointed out that the lower trans- 
Damodar-Mundeswari area is affected even when the 
discharge exceeds 1 lac cusecs and to keep the maxi- 
mum outflow to 1 lac cusecs or even less will be a 
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great boon for the lower valley. They recommended 
that the outflow from the dams may be limited to 1.2 
lac cusecs till the inflow exceeds 4 lac cusecs when 
the outflow may be increased to 1.6 lac cusecs; and 
this rate is to be maintained till whole of flood reserve 
is used when the outflow should be balanced with 
inflow. This was done with a view to save the trans- 
Damodar area from flooding as far as possible. More- 
over, before releasing any heavy discharge clearance 
was obtained from the West Bengal Govt. authorities 
regarding congestion in the lower valley. Even with 
the reduced discharge of about 100,000 cusecs there 
were reports of breaches in embankments of Amta 
channel during the month of August. Therefore, the 
procedure for operation was further modified towards 
end of September as shown below : — 

(i) Limit the outflow to 80,000 cusecs till 400,000 

acre-ft. (about 50%) of flood reserve is used, 

(ii) Limit the total outflow to 120,000 cusecs while 
using flood reserve between 400,000 to 600,000 
acre-ft. (50%, to 70%). 
Limit the total outflow to 160,000 cusecs while 
using the flood reserve between 600,000 to 
858,000 acre-ft. to (70% to 100%) 
When all the flood reserve of 858,000 acre-ft. 
is fully utilised, if inflow is more than 160,000 
cusecs, then balance outflow with inflow. 

The provision of limiting the outflow to 80,000 
cusecs till 50% of the flood reserve is used up, would 
ensure avoiding occurrance of breaches in the em- 
bankments of the Amta channel in the cases of small 
floods which occur quite frequently. 


(iii) 


(iv) 


Reservoir Levels 

Water was released from the dams primarily with 
a view to generate maximum hydel power and also 
taking care to see that the kharif irrigation demand 
was met in full. The excess inflow was stored to build 
up reservoir levels. All the reservoirs were at the 
desired monsoon storage level by end of August. The 
maximum flood levels reached during the season at 
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the four reservoirs were: Tilaiya El. 1211.2, Konar 
El. 1397.9, Maithon El. 487.2 and Panchet El. 419.3. 


Rainfall 


Daily rainfall was recorded at 66 raingauge sta- 
tions within the valley area including the irrigated 
area. The average rainfall over the valley during the 
monsoon season (June to October) 1960 was 41.5 
inches which is slightly less than the normal (44.8 
inches). 


Runoft 
Using the ifformation regarding outflow and rise 
or fall in reservoir levels, the daily inflow into the 
reservoirs were computed. Total runoff from the 
catchment upto the dams (6,664 sq. miles) was 5.46 
million acre-ft. equivalent to 15.4 inches. 


Flushing Doses 


To maintain the river regime and save the channel 
from deterioration so that its flow carrying capacity 
is not reduced, the channel was flushed with concen- 
trated dose of flow by temporarily withholding water 
in the reservoir and releasing as a comparatively 
heavy flow. The doses provided were 3 in August, 3 
in September and | in September-October. The peak 
discharge for these occasions varied from 104,000 
cusecs to 38,000 cusecs and the duration from 265 hrs. 
to 50 hrs. The rate of discharge and the duration of 
these flushing dose releases depend upon the condition 
of reservoir levels and the inflow pattern during that 
period. Assuming that releases in excess of 35,000 
cusecs would substantially contribute towards the 
maintenance of river regime in the lower valley, the 
position during 1960 monsoon was as follow :— 


without dams with dams 


Duration with release in excess 


of 35,000 cusecs 18 days 23 days 
Volume of flow during the 

period when releases were 

more than 35,000 cusecs 2.5 m. ac-ft. 2.7 m. ac-ft. 


As to what effect these flushing dose releases have 
produced on the river channel in the lower valley re- 


mains to be studied after receiving cross-sections data 
which are being collected. 


Volume of Water used for Kharif Irrigation 


Water was provided for kharif irrigation for an area 
of about 8,50,000 acres according to the bi-weekly 
indents received from the West Bengal authorities. 
The total release through the hydel units throughout 
the kharif irrigation period was more than the water 
indented for, and therefore, no difficulty whatsoever 
was €xperienced in meeting the demand. The quantity 
of water indented for irrigation was equal to 11,98,000 
acre-ft. against which actual withdrawal into the 
canals was 11,22,000 acre-ft. In this connection, the 
following information regarding kharif irrigation be- 
low Durgapur would be of interest: 


Total volume of water 
withdrawn into the 


Year Area irrigated canals at Headworks Total delta 
— acres acre-ft. — inches 
1956 1,97,000 3,85,000 23 
1957 3,29,000 6,33,000 23 
1958 4,29,000 9,21,000 26 
1959 6,19,000 7,10,000 14 
1960 8,50,000 11,22,000 16 


The above table shows that appreciable economy is 
being exercised in the use of water from year to year 
which means that the wastage is being considerably 
reduced. 


Volume of Water used for Power Generation 


During the monsoon period, the releases from 
Maithon and Panchet reservoirs were made with a 
view to generate maximum power keeping in view that 
the combined release from the two dams was suffi- 
cient to meet the requirement of kharif irrigation. 
Practically, throughout the whole of monsoon period 
(July to October) both the power houses were run- 
ning continuously. In this connection, the following 
information regarding hydel power generation during 
the monsoon period (July to October) would be of 
interest, 





Volume of water passed through hydel units 
1000 acre-ft. 





Panchet 








Hydel energy generated — million kWhrs. 





Tilaiya Maithon Tilaiya Maithon Panchet 
1952 —_ _ — — —_ — 
1953 20 _ — 0.02 —- — 
1954 38 —_ _ 1.66 — fine 
1955 102 — — 4.68 — -- 
1956 I — _— 0.03 — = 
1957 42 _ _ 1.99 — — 
1958 19 591 — 1.17 60.37 —_ 
1959 172 1136 582 10.13 112.18 43.16 
1969 86 754 1443 4.94 77.48 98.32 
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Water withdrawn for Industrial and Domestic Uses 


Nearly 500 cusecs of water was withdrawn for indus- 
trial and for domestic uses by the agencies located 
alongside the rivers, out of which 150 cusecs were in 
the river reach between Konar and Panchet and the 
remaining 350 cusecs between Maithon/Panchet and 
Durgapur. In this connection, the following informa- 
tion of actual withdrawal (as per field survey) for 
industrial use during the different years would be of 
interest. 
Year 


Reach between Reach between maithon/ 


Konar and Panchet Panchet and Durgapur Total 
1951 20 25 45 
1956 4] 42 83 
1959 85 67 152 
1960 150 350 500 


Extent of Flood Reserve used 

Whenever the reservoir level exceeded the pre- 
scribed monsoon storage level and when the inflow 
into the reservoir exceeded the capacity of the hydel 
units, flood control operation was started. During such 
operation there would be some rise of water level if 
the release from dams was less than inflow. During the 
period under review (July to October) Maithon reser- 
voir reached a maximum level of 487.2 and Panchet 
419.3. In terms of flood storage used, it was at 
Maithon 136,000 acre-ft. (44% of the flood storage 
capacity between 480 and 495) and at Panchet 
158,000 acre-ft. (29% of the flood storage capacity 
between 410 and 435). The combined flood storage 
used for flood regulation was 294,000 acre-ft. i.e., 
34.5% of the total available flood reserve of 8,58,000 
acre-ft. The maximum flood peak of 350,000 cusecs 
at the dams occurred during the monsoon period and 
this was moderated to 92,000 cusecs below dams. In 
this connection, the following information regarding 
the extent of flood reserve used corresponding to 
maximum flood of each year and the corresponding 
reduction in peak flow would be of interest. 


Extent of flood reserve used 








Year Tilaiya Konar Maithon 
1957 42 31 137 
1958 40 67 310 
1959 50 20 312 
1960 11 6 136 


Water Balance Account 


To sum up, the position of water balance account 
during the monsoon was as follows :— 


6.07 million acre-ft. 


Total yield upto Durgapur 
Quantity stored in the 


reservoirs 0.66 — do — 
Withdrawn for kharif 

irrigation 112 —do— 
Withdrawn for industrial 

& domestic use 0.12 —do — 
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- 1000 acre-ft. 


Escaped into the river 


below Durgapur 417 —do— 
Quantity which passed 
through hydel units 2.28 — do — 


Flood Warning to downstream interests 

DVC has a system of giving flood warning in 
advance to the parties located downstream of the 
dams in the event of high releases from the dams on 
payment of certain charges. Advance notices were 
issued to the agencies who enlisted for the purpose on 
all occasions. In addition, the district authorities were 
given the warnings free of charge. Also, the I. & W. 
Department, West Bengal Government, have an 
arrangement of hoisting red signal lamp as a measure 
of flood warning to the people of some localities near 
Burdwan. A suggestion has been made that similar 
arrangements may be extended to other localities 
also where river crossing and other activities have 
increased recently due to increased tempo of indus- 
trialisation in this region. 


Time of travel of releases from Dams 
As the releases from the dams were controlled, the 
time taken for the water to reach different points 
downstream could be found out by alerting the down- 
stream observers in advance. 
TIME OF TRAVEL CORRESPONDING TO PEAK 
STAGE IN Hours 
Panchet to 


Raniganj 8 to 10 hrs. 
Durgapur 13 to 14 hrs. 
Rhondia * 18 to 20 hrs. 
Jujuty 30 to 35 hrs. 
Edilpur 33 to 38 hrs. 
Palla 40 to 45 hrs. 
Jamalpur 45 to 50 hrs. 


Reports of Flooding 
In the month of September some newspapers re- 





Maithan & Panchet together 





— 1000 cusec 
Panchet ; Total without dams with dams 
8 218 330 260 
450 867 600 190 
484 866 623 288 
158 311 350 92 
ported that “the embankment of the Madaria canal 


had also been breached but the bund was repair- 
ed the next day before any considerable damage was 
caused.” The matter was looked into and it was 
reported that the Amta channel has silted up to such 
an extent that even with comparatively low discharge 
high levels result in Amta channel. It means that the 
releases from dams should be limited to less than 
100,000 cusecs in order to avoid breaches in the em- 
bankments of Amta channel. Alternatively, it is for 
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consideration whether the channel may be closed 
altogether at its head near the bifurcation point at 
Begua as recommended by the AWR Committee. 

In another newspaper report it was stated that “as 
a result of the release of water from the Panchet 
dam by the D.V.C., about 14,500 acres on both sides 
of the Darakeswar in Arambagh Subdivision were 
flooded recently.” At this time the maximum release 
from dams was about 40,000 cusecs only. How this 
rate of discharge caused extensive flooding as report- 
ed is not understood. 

A third report published on Ist October 1960 
Stated that “the rising level of the Mundeswari in 
Hooghly—14 ft below the danger mark on Friday 
noon—was causing anxiety to the district authorities 

the Damodar near Burdwan, which had a heavy 
shower on Friday morning, was four feet below the 
preliminary danger level. The discharge at Durgapur 
barrage was said to be 100,000 cusecs, 250,000 cusecs 
being the level requiring caution in the lower 
reaches—”. It is not known what is understood by 
“the danger mark” in the Mundeswari. The river has 
no embankments and so the question of breaches 
does not arise. Presumably the danger is of spilling. 
The discharge capacity of Mundeswari is often men- 
tioned as 70,000 cusecs. When there is tide lockage 
it would be much less. In such an event spilling may 
be unavoidable even with small discharges on account 
of the deteriorated’ condition of the river channels. 


Representation for Flood Irrigation 

A representation was received from the Sadipur 
Samabay Krishi Unnayan Samity Ltd., village Sadi- 
pur, Burdwan, requesting that if arrangement for sup- 
ply of 24 lakh cusecs water from Damodar River is 
made for 36 hours, their area can be well irrigated 
and the inhabitants may avoid the state of starva- 
tion which they have been facing for the last few 
years. This problem was gone into and it was found 
that in order to help this area, if we release a flush- 
ing dose of about 14 lakh cusecs for 36 hours, we 
will only be inviting more complaints from the 
people of the trans-Damodar area lower down, which 
is apparent from what has been mentioned earlier. 


Suggestions from Flood Co-ordination Board. 
Hooghly 

The Collector of Hooghly has made a suggestion 
that gauging stations be established on the rivers 
Mundeswari and Dwarakeswar; and that releases 
from DVC dams be adjusted keeping in view the 
level of water in the Dwarakeswar. This raises two 
questions, one of organisational jurisdiction and 
another of technical feasibility. Regarding the first 
question, the DVC takes observations in the rivers 
above Surekalna only. The area referred to by the 
Collector of Hooghly is below Surekalna. Further the 
river Dwarakeswar happens to be outside the Damo- 


dar Valley. Therefore, the organisational jurisdiction 
as to whether DVC should take these field observations 
or West Bengal Government is a matter to be decided 
first. As regards the second question, it is recognised 
that release from dams should be adjusted to provide 
maximum protection from flooding of areas in lower 
valley. For this purpose an arrangement was made 
during the 1960 monsoon period, to obtain clearance 
from Chief Engineer, I. & W., regarding the condi- 
tion of congestion in the lower valley before releas- 
ing heavy discharges from dams. The fact that there 
are still some complaints from lower valley shows 
that this question should be studied in greater detail. 
It is reported that since the construction of DVC 
dams, the frequency of floods is reduced, particularly 
in the early months of the monsoon period, as a result 
of which vast extent of areas in the flood plains of 
river channels have recently been reclaimed by the 
local people for purpose of cultivation. These areas 
will be inundated whenever there is a heavy flow, even 
though such discharge may be less than what was 
previously considered as safe discharge. Those who 
are thus affected, naturally kick up a hue and cry that 
the DVC has flooded them. This shows that the un- 
controlled encroachment into the flood plains will 
result in recurring complaints in the future. There- 
fore, timely co-ordination by the District Authorities 
in this regard is very necessary. A general examina- 
tion of the maps of this region seems to indicate that 
the time of travel of Dwarakeswar water to reach 
trans-Damodar area is less than the time of travel of 
water released from DVC dams to reach trans- 
Damodar area. This means that it may not be 
possible to effectively control the releases from dams 
on the basis of water levels in Dwarakeswar. In that 
case the solution appears to lie in putting up some 
detention reservoir on the Dwarakeswar river. 
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SEMINAR ON ENGINEERING EDUCATION IN......... 


be appointed as heads of engineering projects and 
industries, 

10. Introduction of a system of in-training schemes 
in industries in order to develop the know-how of 
technicians at the diploma level. 

The Seminar concluded with a vote of thanks to 
Dr. Khosla, Dr. K. L. Rao, the Chairman of the Dis- 
cussion Sessions and the sponsors and all the parti- 
cipants. 
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Seminar on Engineering 


Education in Eastern 


N interesting Seminar on the subject of “Engi- 
fee Education in Eastern India” was held on 
December 27 and 28, 1960 in Calcutta. Dr. A. N. 
Khosla, Member, Planning Commission, an eminent 
engineer, formely Vice-Chancellor of the Roorkee 
University, inaugurated the same, and Dr. K. L. Rao, 
President, Institution of Engineers (India), and Mem- 
ber, Central Water and Power Commission, presided. 
The following gives a brief report of the Seminar, a 
fuller version of which will be published, together 
with the papers, in a special number of this Journal. 


The idea of the Seminar originated with this jour- 
nal, as its editors were considering how to celebrate its 
Tenth Anniversary in a befitting manner. The spon- 
sors of the Seminar were the Jadavpur University, 
Bengal Centre of the Institution of Engineers, India, 
and this Journal. 


Twenty-one papers were submitted to the Seminar. 


In a specially erected pandal at the premises of the 
Jadavpur University, esthetically decorated, the inau- 
gural function took place on the 27th December. Dr. 
Triguna Sen, the Rector of the Jadavpur University, 
and Chairman of the Organising Committee of the 
Seminar, welcomed Dr. Khosla and Dr. Rao and 
other leading engineers present on the occasion. In 
the course of his speech, he said: “I would like to 
sound a note of warning. Engineering Education will 
no doubt assure material progress of the country, but 
let us not purchase material progress at the cost of 
spiritual progress which India has treasured since the 
days when the sages sang the Vedas.” 

INAUGURAL ADDRESS 

Dr. A. N. Khosla read out his prepared speect: 
which gave a brilliant review of the progress that India 
is making in the field of technical education and of 
the various policy decisions that are being taken at 
the highest level in this respect. 


He said, among other things, that talented and 
first-rate men were not being attracted to the pro- 
fession of teaching of engineering in India. There 
was a serious shortage of teachers in engineering 
institutions in the country, the percentage varying 
from 10 to 40, despite the fact that a good number of 


JANUARY, 1961 


India: A Report 


them are only “second rate”. Poor salary scales com- 
pared with the income of professional engineers and 
want of security in service were reasons which ex- 
plained this rather sad state of affairs. Dr. Khosla 
emphasised the importance of admitting only the 
most meritorious students to engineering institutions 
to eliminate the chances of failures in examinations. 
India, he said, was badly in need of engineers and 
technicians and it was difficult to visualize an excess 
of engineering personnel in the country in the forsee- 
able future. Despite the shortage of engineers, he 
regretted they were often called upon to do work 
which should be done by technicians or clerks. To 
promote engineering education, Dr. Khosla con- 
tended, co-operation among the educational ins- 
titutions, the different departments of the Govern- 
ment and the industry was essential. 


PRESIDENTIAL ADDRESS 


Dr. K. L. Rao, in the course of his fascinating presi- 
dential address, remarked that engineering is a major 
cultural force. The history of engineering and that of 
civilisation are more or less the same. He said that 
before technology can advance it is necessary that 
people must get an idea of what science can achieve. 
The general background of education in terms of the 
achievements of sciences among the people is essen- 
tial. While fully supporting the expansion of engi- 
neering education in the country, he uttered a note of 
caution for preserving the quality in teaching. He 
felt that before engineering can deliver the goods in 
the country, engineers must have a high position in 
society. Today even in engineering industries the 
administrators are on top of the engineers. This trend 
has gone to such an extent that even the Chairmen 
of State Electricity Boards are non-engineers. He 
contrasted this with the experience in England and 
Said that it is a great national waste of efficiency, 
and duplication. 


Dr. Rao was of the opinion that Universities should 
teach only the basic principles in engineering, as, 
every branch of engineering is changing so fast that it 
is not possible to learn the latest techniques. Higher 
study in engineering should mean obtaining a good 
grasp of the fundamentals. He supported the idea of 
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Dr, A. N. Khosla delivering the inaugural speech. 


senior engineers in industry to give some of their time 
to teaching also. Dr. Rao bemoaned that there was 
hardly any original thinking among many engineers 
today; they are only dealing with files and more files. 
In the Bureau of Reclamation, on the contrary, he pic- 
tured, in constant to our research institutions, engi- 
neers have ample time for thinking. There is hardly a 
good technical library in this country, for we have 
not yet begun to value books. Books mean new ideas. 
If we want to put forward fresh ideas we must “live 
with others” through books. Dr. Rao again com- 
mented that although we have spent over 1,000 crores 
of rupees on istigation and power since independ- 
ence, we have hardly contributed anything original 
to the science of engineering. What is produced in our 
country are “standard engineers”. He was totally 
against standardisation of engineering education. As 
in the West, degrees should be given for original 
research in the post-graduate course, and wider 
Opportunities should be created for research work. 
Emphasis should be given on the study of the basic 
sciences. “Science is a language of nature and engi- 
neers must master nature.” Therefore, in order to be 
good engineers they should be “soaked in the 
sciences”, concluded Dr. Rao. 

Mr. K. Barua, Chief Engineer, P. W D., Assam, 
then addressed the gathering and welcomed the idea 
of the Seminar. Prof. R. G. Hennes, Guest Professor 
in civil engineering in the B. E. College and Prof. 
J. G. Van Vleet, Guest Professor in mechanical engi- 
neering in the B. E. College, and co-ordinator TCM, 
University of Wisconsin Programme, also addressed 
the gathering. Mr. P. R. Ahuja, Chief Engineer, 
Floods, C.W. & P.C. stressed the need to teach the stu- 
dents through the project method and case studies of 
live problems rather than remain dependent entirely 
on text-books. He also thought that discipline and 
esprit de corps among engineers are extremely neces- 
sary. Mr. Akshoy Bose thought there was much scope 
for improvement in the syllabus of humanities in tech- 
nical education. He also referred to corruption among 
engineers and stressed the need to teach ethics to the 


students. He condemned the competition between 
colleges to produce more first class graduates, and 
characterised the present-day engineers as a “bit 
money-minded” 

Mr. S. Bandyopadhyaya, the Chief Engineer, Con- 
struction Board, West Bengal, gave a vote of thanks 
to the eminent speakers and leading engineers and 
educationists present with a beautiful and thoughtful 
little speech. 


THE SECOND DAY’S SESSION 


The second session of the Seminar took place at 
the premises of the Institution of Engineers in the 
morning of the 28th with Prof. N. N. Sen Gupta, Prin- 
cipal, Calcutta Technical School, in the chair. 


The session commenced with an address by Prof. 
S. N. Bose, the National Professor for physics. Prof. 
Bose referred to the Japanese experience in moder- 
nising itself in the field of technology. He reminded 
the audience how only a few decades back Japan used 
to produce only consumer goods and it has now 
changed itself to machine-building and is exporting 
the same to many countries in competition with the 
West. 

Prof. Bose said that it was vital that “engineering 
be not considered as an isolated, compartmentalised 
set of problems but as a part of the general scientific 
problem”. He felt that the “engineer is not a techni- 
cian but a creator”. 

The session then started with the moving of the 
papers. 

Mr. D. Mookerjea, Chief Engineer, Kosi Project. 
who could not be present in the Seminar, pointed out 
in his paper entitled “Country needs quality engineers”. 
that so long the idea behind training of our engineers 
was to man subordinnate posts in military engineer- 
ing services and in the P.W.D. But now the task is 
much bigger as we have to make up the leeway bet- 
ween our country and the developed countries in the 
West. Our boys have to be taught machine design 
and their manufacture, planning and processing of 
basic industries etc. The students are not only to 
study existing techniques but also to improve upon 
them. For all these reasons more emphasis should be 
laid on the fundamentals of a problem or a theory. But 
how can this be done with ill-staffed and under-staffed 
institutions? The present emphasis on quantity rather 
than quality is a retrograde step. 

He said that the State will have to treat the engi- 
neering and scientific services with some special 
favour to attract the best brains, and an excellent 
band of teachers will have to be provided as initial 
steps. 

Mr. B. Maitra, Director, W. B. River Research 
Institute, in his thought-provoking paper on “Engi- 
neering Education”, defined the aim of education as 
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to make the recipient self-sufficient in the sense 
that he can then continue to educate himself with 
all the problems that he faces. He would not be 
limited by the given techniques but can attack new 
problems in new ways. Mr. Maitra then discussed 
at length the need to lay great stress on the teach- 
ing of the fundamental subjects like mathematics, 
physics and chemistry. He has suggested a scheme 
of the division of time that should be given in the 
teaching of different subjects. He thought that the 
great success of Ecole Polytechnique of Paris has 
been mainly due to its stress on the fundamental 
sciences. He also referred to the comments of S. P. 
Timoshenko, a leading engineer of the Soviet Union 
regarding the changing educational policies in that 
country in the earlier period after revolution. 

Dr. G. P. Chatterjee, Chief Metallurgist, Hindustan 
Steel in his paper entitled “Fundamentals of Engineer- 
ing Education with particular reference to Speed and 
Quality of Industrial Development in India”, said that 
India was faced with the dual task of promoting a 
large magnitude of development and a large speed of 
that development. This was equally true of engineer- 
ing education. But it was not merely these scalar tasks 
but also the vector one, namely, of providing direc- 
tion, that was important. Therefore there was the 
danger of losing quality of production. 

In the opinion of Dr. Chatterjee, two most vital ele- 
ments in undertaking this multiple task are: 

i. The equipment and the atmosphere 

ii. Dedicated and talented teachers. 

The first condition may be fulfilled by more invest- 
ment but the second one is more difficult to provide. 
He thought that some planned effort in this direction 
is necessary although there are some obvious limita- 


tions. 

In the absence of the required number of good tea- 
chers, he thought the syllabus of study should be 
carefully framed. He wished to lay great stress on 
study of fundamentals of each branch of engineering 
instead of on the details. The talented teachers in 
each field may be asked to hold seminars and give 
lectures in different institutions. The idea was to pro- 
mote training to think. He further suggested reorien- 
tation of the examination pattern, stressing on putting 
questions which would require basic thinking rather 
than cramming of details. 

The author felt that teaching at Polytechnics are 
being seriously neglected. As regards the absorption 
of engineers in services he felt there is lot of wastage 
which the country could ill afford. 


Mr. B. Chaudhury in his paper on “Remodelling of 
Technical and Engineering Education”, thinks that 
the institutions must not attempt to train men as full- 
fledged engineers but rather should aim to give a 
broad and solid foundation. For this there is need to 
remodel the curricula. He notices that the entrants to 
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these institutions are too immature to receive insruc- 
tion in the scientific and technical subjects and that is 
one factor to explain the large percentage in failures. 
The change in the medium of instruction is also one 
reason. He pleads for more stress on day-to-day ses- 
sional tutorial and assignment work. 


He thinks the grade of pay of staff is too poor to 
attract proper teachers. For practical training of gra- 
duates, the Government should arrange with the 
industry and the professions. A liaison officer at the 
institutions may help both the students and the indus- 
try in the placement of graduates. 

He suggests the formation of an all-India Society 
of Technical Education. 

Mr. P. K. Ghosh of West Bengal State Electricity 
Board, in his paper entitled “Engineering Education 
problems in the years ahead” is of the opinion that 
teaching of mathematics as well as laboratory experi- 
ments are equally important. But the laboratory ex- 
periments need to be reorientated in the sense that 
deviation from expected results should be more 
closely studied. 

The engineers should also be given management 
courses, 


He then discusses the problem of shortage of teach- 
ers and makes some suggestions. He also thinks that 
with better co-ordination between Government, indus- 
try and educational institutions, there will be less 
acute shortage of engineers in certain fields than is 
now being experienced. 


He discusses the language problem in imparting 
education and strongly feels that from a_ practical 
point of view stress should continue to be given on 
English. 

Dr. K. C. Roy Chowdhury of Jadavpur University 
in his paper entitled “Recent Trends in Chemical 
Engineering Education in India” surveys the position 
of chemical engineering education in India and other 
western countries. He has given an instructive Table 
at the end of his paper, comparing the weightage given 
to each group of subjects in the under-graduate course 
in chemical engineering in such leading institutions as 
Carnegie, Purdue, MIT, Karlsruhe and the all-India 
Board. This would be a good material for reference 
while discussing other fields of engineering also. 


Mr. Amitabha Bhattacharya of Bengal Engineering 
College in his paper “Engineering Research collateral 
to Teaching” discusses how research has a great bear- 
ing on the education and development of the student, 
of the continued freshness of the teacher, and of the 
usefulness of the small industry, and how it helps the 
researcher to grow into maturity. 


Dr. N. N. Roy of the Jadavpur University in his 
paper on “Higher Engineering Education in India” 
was of the opinion that the reason for lack of suffi- 
cient interest in post-graduate study at the Indian 
universities in science and engineering is mainly due 
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to the absence of actual research atmosphere and want 
of encouragement not so much due to the inadequacy 
of equipment. But now foreign universities are con- 
templating putting some sort of restrictions on admis- 
sion of students of other countries. It is, therefore, 
time we in India gave adequate recognition to post- 
graduate work in this country. 

Dr. Roy listed the following particular require- 
ments for research work: Research atmosphere, back- 
ground knowledge, proper guidance, equipment and 
appliances, space, adequate funds, library facilities, 
co-operation among industrialists and universities, 
encouragement from the authorities, and, finally, ini- 
tiative. He thought that the Indian student is more 
eager to obtain a degree than to learn. He was also 
of the opinion that a professor competent in one 
subject is wrongly asked to teach in several—a prac- 
tice which should be remedied. 

He was also keen that English should continue as 
the medium of higher education. 

Dr. B. N. Chanda and Mr. M. Sen Gupta of Jadav- 
pur University felt that the foundation of engineering 
may profitably be laid in the undergraduate years by 
attractive integration of the humanities and social 
sciences with physical science, mathematics and engi- 
neering. The paper discussed the problem of engi- 
neering education under the following heads: new 
entrants, curricula, examination and teachers. 

They felt that entrants from the science stream and 
the technical stream do not have the same background 
in terms of the basic sciences and therefore, diffi- 
culty is felt in teaching both the groups at the same 
time. It was their opinion that emphasis be given on 
providing a sound background in basic sciences and 
fundamentals of engineering. But after the 4th year 
those who would continue further studies and research 
as post-graduates should have a different type of 
course in the Sth year than those who would go to 
industry and the profession. 

The authors also felt that the system of examina- 
tion should be reorientated to make the student more 
studious by introducing periodical tests and proper 
weightage at the time of final grading. 

Dr. S. S. Boral of the B.E. College has shown in his 
paper entitled “Role of Science in Engineering” that 
in the modern age science and engineering are coming 
very close to each other, and in doing so he has quo- 
ted Lewis Mumford. He has thus argued the case for 
giving greater stress in the study of science in tech- 
nology. Further he has listed the particular aspects of 
study in the higher technological education. 

Mr. P. Kundu of Jadavpur University in his paper 
on “Impact of Science on Engineering’, traces the 
major milestones in the field of physics and electricity. 

Mr. M. L. Das Gupta of the B.E. College has 
offered a large number of practical suggestions in his 
paper entitled “Problem of Training Engineers today 


in our Engineering Institutions”. He has given figures 
of recruitment of students compared to the number of 
applicants, number of hours given to each student for 
the Bachelor’s degree and the number of subjects 
taught in the B.E. College compared to the averages 
in U.S.A. and U.S.S.R. 


Regarding students’ indiscipline, he thinks that the 
leisure hours of students should be as minimum as 
possible and that the contact hours between the stu- 
dent and teacher should be increased. He also feels 
that aptitude tests should be taken at the time of 
entrance of the students. To improve the quality of 
teaching teachers should go abroad for study and re- 
search at intervals of 5 to 10 years. He strongly re- 
commends the more extensive and specialised training 
that the Russian engineer gets today. 

Principal Mr. R. Prasad of Bhagalpur School of 
Engineering in his paper on “Some Thoughts on Tech- 
nical Education” feels that the principal shortcoming 
is absence of teachers in suitable numbers and with 
requisite qualifications. Of course some improvement 
has taken place in the past few years. But due to un- 
certainty in promotions and low pay scale etc., better 
quality engineers are not attracted in this field. It is 
Mr. Prasad’s reading that today the engineering col- 
leges and schools are attracting the best students from 
the science colleges and high schools. He is, therefore, 
of the opinion that greater stress should be given to 
consolidate and improve teaching at under-graduate 
level rather than expand post-graduate teaching and 
research. In any case the two together cannot be 
undertaken in the same institution. 

Unfortunately post-graduate specialisation gets 
wasted as such scholars are given jobs which are 
entirely different from their subject of specialisation. 

The teachers should visit important construction 
works from time to time in order to refresh their 
ideas. 

Mr. Anil Kumar Choudhury of B.E. College in his 
paper “Optimum Class Size for effective Engineering 
Teaching” analyses his own experience in a syste- 
matic manner with regard to the effect of imparting 
education in various class sizes of two-or three-hour 
duration and also of the number of contact hours. As 
a result he feels that the optimum class size is 20 
students per instructor for a two-hour class. Similarly 
the average grading is 91% in the case of 17 stu- 
dents per teacher for two contact hours. He therefore 
feels that instead of mass production of low quality 
engineers we should stress on trying to produce a 
handful of quality engineers. 

Mr. B. N. Chaudhury in his paper on “Problem of 
Technical Education in Diploma Stage”, points out 
that by the reorganisation of secondary schools in 
West Bengal there will be a large number of entrants 
into the Diploma courses of engineering. He feels that 
the shortening of the higher secondary education by 
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one year will weaken the educational foundation of 
the student and it will be difficult for them to pick up 
the technical subjects adequately. But upgraded 
schools with the technical stream would also not pro- 
vide adequate technical bias because they lack a good 
workshop and capable teaching staff. 


Mr. Chaudhuri thinks that the crucial question is of 
providing competent teachers only in upgraded schools 
and Diploma institutions. Their pay, although sanc- 
tioned to start at 350/-, is really only 250/- with a 
fixed D. A. Most lecturers come to it as a stop gap 
arrangement. At present the teaching staff is mainly 
composed of superannuated persons, but this is hard- 
ly a satisfactory arrangement. The scheme of training 
teachers for degree colleges in engineering may help 
relieving the need for junior lecturers but it will not 
secure either readers or professors with competent 
background of experience. 

Mr. Chaudhuri thinks that too many polytechnics 
based on local patriotism are being set up and soon 
there will be unemployment among their products. 


Mr. A. Guha discussing his paper on “Reorienta- 
tion of Engineering Education”, stresses the shortage 
of teachers and difficulty in procuring equipments, 
paritcularly in diploma institutions. In his opinion 
there is need for a large number of persons with engi- 
neering background but for a relatively few with 
highly developed technical knowledge, and the plan- 
ning for educational institutions should be based on 
this criteria. 

He feels that students desiring to take up technical 
education after higher secondary stage should first be 
admitted to a three-year course in diploma institu- 
tions. Only those who pass through a public examina- 
tion after such a course should be allowed to proceed 
to degree institutions which should have only a two- 
year course. This; he feels, will eliminate a large num- 
ber of failures in the degree colleges. 

Principal R. N. Banerjee, Jute Technology Insti- 
tute, in his paper on the “Role of Professional Insti- 
tutions in the field of Engineering Education”, poin- 
ted out how due to various difficulties many students 
cannot pursue their education in the universities and 
colleges. For them the Institution of Engineers pro- 
vided a scope for further education in engineering 
through its two examinations. Many mushroom orga- 
nisations have now sprung up to provide coaching to 
students to appear in such examinations and in the 
absence of proper facilities there are a large number 
of failures. 

The Institution of Engineers has drawn up a 
scheme of providing part time evening courses in exis- 
ting polytechnics and engineering colleges as well as 
through correspondence courses. But these facilities 
to student members can be provided only when sui- 
table arrangement has been made for their practical 
training. The Institution is considering some practi- 


JANUARY, 1961 


cal steps in this direction which have been listed in 
the paper. 

Mr. R. B. Chakravarty, Chief Engineer, Floods, 
West Bengal, in his paper on “Engineering Education 
in India” finds that the products of polytechnics do 
not have sufficient practical training. He also found 
that many engineering graduates with special training 
are given jobs involving work other than the subject 
of their specialised knowledge. 

Mr. Chakravarty makes some important sugges- 
tions including the formation of one national body 
to control and guide engineering education, making it 
possible for prospective employers to remain in touch 
with student engineers even when they are receiving 
education, enabling teachers to practice as consul- 
tants, having visiting lecturers in engineering colleges 
and reorganising the examination system with a view 
to discourage cramming. 


DISCUSSION 


Opening the discussion of the papers Prof. Durga- 
das Banerjee of the B.E. College formulated a number 
of questions. He enquired, should we plan for more 
“contact hours” or for more “leisure to think?” 
Should the courses be science-based or should they be 
practical-based. He thought that in the context of our 
requirement we should try to produce not merely 
“creative engineers” but also “standard engineers” 
as also technicians and diploma-holders. It was his 
conviction that the teaching of history of engineering 
and science is vitally necessary in imparting technical 
education. 


Mr. Mangrulkar representing the Tata Iron and 
Steel Co., recommended that so far the approach of 
the employer towards the engineers had been “whe- 
ther the latter can deliver the goods”. But he felt that 
engineering education should be science-centred. An 
engineering graduate is not expected to repair your 
fan. He, therefore, appealed to the industries to re- 
Orientate their outlook and approach in such a way 
that the “general product”, that is, the graduate engi- 
neer, is well received and then the best is taken out 
of him in the course of the work, after giving him a 
training for the specialised job. 

He felt that the Government can do something in 
relation to small industry. For example it can help 
them to take to a scheme of in-plant training. 

It was his reading that there is a definite need for 
diploma holders in industries. But unfortunately the 
craze is for degrees. The diploma holder must be 
offered wider openings. This can be done by provi- 
ding part-time education in evenings—a suggestion 
for the Institution of Engineers to consider. It was 
also his understanding that we could not simulta- 
neously plan for research in post-graduate work as 
well as double the number of students in engineering 
institutions. With limited resources, the two policies 
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could not be provided for at the same time. Research 
should be limited to only the brilliant few. 


Prof. R. N. Banerjee thought that the real problem 
was of finding the proper teachers. He suggested that 
there should be a Central Institute for training tea- 
chers. Guest professors should also be made available 
to the various educational institutions in adequate 
numbers. 


Mr. Bhupal Krishna Datta wondered how there 
could be hundred percent first class in the results 
of engineering graduates. He also thought that the 
source of trouble may be partly due to defective raw 
materials, namely, the students admitted into engi- 
neering educational institutions were rather of poor 
quality. 

Mr. S. Basu described commercialisation of educa- 
tional institutions for providing cheap degrees in any 
numbers. These institutions have become purely exa- 
mining bodies, giving less stress to imparting of edu- 
cation, and are handing over degrees on a mass scale. 
It was his feeling that education in engineering should 
follow practical work—practical work must be fol- 
lowed by theoretical work and not vice versa. 

Dr. K. L. Rao, intervening in the discussion, said 
that geniuses are god-trained. This century is resha- 
ping the world on entirely a new basis. The next one 
will outbeat us. The pace is determined by new fac- 
tors, not by old standards. 

It was his reading that in India the creative phase 
in the engineering world can be divided by the time 
of the erection of the Taj Mahal. That is, after 1630 
A.D. not much has been achieved in this creative 
sense in this country. What he was trying to drive at 
was that we should bring back this creative spirit in 
the modern context again. 


Prof. R. G. Hennes, Guest Professor at the B.E. 
College, welcomed the stress on the case-method of 
teaching as suggested by some. Research in colleges 
was not only to be for the evolution of new ideas but 
also for promoting thinking by students. The teacher 
should be paid much better than at present and 
should also be allowed consultation practice. In view 
of the complexity of technical education today, it 
should be more science-based. But it is easier said 
than done. One could say what could be added to the 
present syllabus of study but it is rather difficult to 
suggest what should be cut down, although this is also 
necessary. He also touched on the language question. 

Prof. Van Vleet, Guest Professor at B.E. College, 
thought that there should be only one code of ethics 
for all and engineers do not need a separate one. He 
felt it vital that there should be more scope for con- 
tinued self-education even after graduation and in this 
evening training courses can prove useful. 


After lunch, the session started with reading of the 
final group of papers. Prof. H. C. Guha, Dean of the 
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Faculty of Engineering, Jadavpur University, pre- 
sided. 


Mr. R. Muthuswamy of Hindustan Steel Ltd_., in his 
paper on “Training of Engineeers and Metallurgists 
for Hindustan Steel” described at length the training 
of engineers and metallurgists for the three steel 
plants, in the U.S.S.R., U.S.A. and the United King- 
dom and also in some of the institutes and colleges in 
India. He also gave an idea of the training of gra- 
duate engineers at the steel plants. 

On the basis of the above experience he made a 
few suggestions for future guidance. Among these 
are: Giving of practical training in factories while 
students are in colleges—at least 120 days vocational 
training during degree course; during such training 
the student should be supervised by factory autho- 
rities on whose reports the merits of the student 
should be assessed durng their final examination. He 
was also of the opinion that humanities mainly con- 
cerning management and economics of construction 
should be imparted to these students. Industrial pro- 
duction engineering need also to be taught as a spe- 
cial course. 


The paper gives a detailed idea of the requirement 
of engineers in the steel plants category-wise during 
the Third Plan. 


Dr. G. De of the Jadavpur University in his well- 
argued paper on “Problem of Graduate Training” 
Stresses the need for better training of the graduate 
in our engineering colleges. He analyses the present 
inadequate as well as defective arrangements for train- 
ing and apprenticeship in Industries and suggests the 
adoption of the German system of teaching very 
forcefully, as this will help the Indian graduate to be 
competent engineer soon after he leaves his college. 
He lists the various requirements in the present ins- 
titutions to be made available for this readjustment. 
The idea of establishing an Industrial Estate in the 
Jadavpur University, he feels, can be very useful in 
imparting such a kind of training. 


Mr. S. Bhattacharyya of Saxby and Farmer in his 
paper on “Standardisation of Engineering Education” 
lamented the lack of uniformity and interchangeabi- 
lity of the products from different technical institu- 
tions and engineering colleges. He has suggested that 
an investigation be made into the methods of educa- 
tion in these various institutions under different heads 
such as: process of intake, syllabus, hours of study, 
ratio between theoretical study and laboratory work, 
ratio between sessional marks to total marks, etc. He 
pleads for standardisation under these heads on an 
all-India basis to avoid colossal wastage. 


Professor R. M. Advani, of M.B.M. College,, had 
sent a brief note based on a seminar held on the sub- 
ject at M.B.M. College, Jodhpur regarding “the pro- 
gressive deterioration in the quality of technical per- 
sonnel”. In the course of this note he listed its causes 
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and the remedial measures. In the latter category, he 
suggests slowing down the pace of expansion, pro- 
ducing good teachers by raising their status and pay 
scales and improving their training, tutorial systems 
etc. He also suggests improving the knowledge of the 
English language, double shift in institutions, training 
during the vacation. A number of other suggestions 
have also been made. 


Mr. S. K. Ray, Director of Personnel of the DVC, 
in a brief note received late, raised a few points. He 
felt that there is an apparent lack of confidence in our 
boys as they come out from the schools and colleges 
and this is mainly due to environmental reasons. He 
drew the attention to the successful experiment in 
England during the Second World War when trainees 
hostels were filled with products of their respective 
trades which created a sense of association in their 
mind. 


Mr. Ray also thought that in our teaching system 
there is need for repeated stress on the fundamentals 
at all stages of education. 

Students going for practical training in industry are 
mostly left to observe. He thought that this is inade- 
quate and suggested the American system of handing 
Over a questionnaire to each student by the super- 
visor so that the student may try to understand the 
mechanism of production by answering the questions. 


In order to secure only those students who have a 
natural inclination for the profession, Mr. Ray sug- 
gested psychological tests before admisssion. 


In order to enable experienced persons in particu- 
lar branches of engineering not having degrees to 
secure this, Mr. Ray suggested the experimentation 
being made by the Tennessee University by arrange- 
ment with the TVA. 

Discussing the papers moved by their authors, 
Mr. R. B. Chakravarty welcomed the idea of corres- 
pondence courses but he later laid great stress on 
more frequent periodical exercises rather than on 
annual or half yearly examinations. 


Mr. A. K. Bhaumik, Chief Engineer, Electricity, 
West Bengal, referred to the need for creative engi- 
neers and suggested that the Government of India 
should select about 100 engineers every year and put 
them in a high cadre like the I.A.S. and give them no 
work except to make original research. 


Principal A. C. Roy of the B.E. College explained 
by diagrams the magnificent progress made in the 
country in the field of technical education under ex- 
tremely difficult conditions. He paid a compliment to 
the teachers who have indeed worked hard. He 
thought that the challenge of development facing the 
country has to be accepted in spite of all difficulties 
in the field of engineering education and he was con- 
fident that with greater awareness about it in the 
country, the teachers will succeed in their task. 


JANUARY, 1961 


RESOLUTIONS 


Dr. K. L. Rao then summed up the discussion and 
placed before the participants in summary and tenta- 
tive form the ten resolutions which were, after some 
discussion, adopted and a small committee consisting 
of Dr. T. Sen, Principal A. C, Roy, Prof. H.C. Guha, 
Prof. Van Vleet, Prof. R. N. Banerjee (Convener) was 
constituted to finalise these and to communicate the 
same to the Government of India and other relevant 
authorities. 


|. It was considered desirable that at least a few 
months’ practical training be given to students of 
higher secondary schools passing out from either the 
science or technical streams. 


2. In view of the rapid development of engineering 
and technology the world over, more emphasis should 
be given to the training in fundamental sciences for 
the students qualifying for the engineering degree 
course. 


3. Adequate encouragement should be given to the 
staff of engineering colleges for post-graduate and 
research activities. Extra remuneration to engineers 
should be in recognition of higher academic qualifi- 
cations, in order to encourage post-graduate and re- 
search students. 


4. Training of engineering graduates should be 
arranged even during the courses of study, making 
full use of the vacations, and they be encouraged to 
find out their aptitude for specialised aspects of engi- 
neering. This would help specialisation and enable 
absorption of graduates into industry soon after their 
completion of study. 


5. Most senior engineers today find little time to 
think and study, being loaded with too much routine 
duties. Measures should be taken to change this state 
of affairs. 

6. English should be taught in sufficient strength in 
the schools, so that engineering education could be 
imparted through that language effectively, till such 
time it is replaced by either Hindi or the regional 
languages. 

7. Arrangements should be made to publish chea- 
per editions of the more popular technical books for 
use by students and professional engineers. Loan 
libraries should be opened in most important towns 
and industrial areas to enable engineers to borrow 
books on long term basis. 

8. Professors in the engineering colleges should be 
associated with industrial projects and they should be 
allowed to act as consultants to industrial and engi- 
neering concerns. 

9. In the interest of overall economy and to estab- 
lish engineering leadership in all the engineering 
industries and projects, competent engineers should 


{Continued on page 28] 
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GUIDANCE FOR AUTHORS 


Normally, only original manuscripts will be accepted. 
No manuscript is acceptable if an appreciable portion of 
its subject matter is readily available elsewhere in pub- 
lished form, The authors are requested to note carefully 
the following before sending their contributions; 

1. The manuscript should be typewritten on good 
paper of uniform size (quarto or foolscap) with generous 
margins and double spacing between the lines. The pages 
should be numbered consecutively, and only one side 
should be used. 

2. The original copy of the manuscript, and not a 
carbon copy, must be submitted. Mathematical symbols 
and Greek letters should be inserted in ink clearly. 

3. The length of a paper will naturally depend on its 
subject matter but it should be as short as the nature of 
the subject will allow. Brevity is the essence of a good 
contribution. There should be no undue recapitulation 
of well-known first principles or engineering theory and 
practice. The length of an article is limited to 5000 words. 
Papers of 5000 to 3000 words will be very acceptable. 
Each paper must give an abstract (not an introduction) 
in about 150 words, suitable for printing at the head of 
the paper. 

4. Manufactured products should not be referred to 
by a maker’s name or a trade-name unless that is un- 
avoidable. 

5. The contents of a contribution should usually be 
arranged as follows: 


*(a) Title 

(b) Table of Contents 

(c) Abstract 

(d) Main Text 

(e) Conclusions 

(f) Acknowledgments 

(g) References or Bibiliography 
+ 


The title of paper should indicate briefly the main 

subject. When writing his name beneath the title, 

the author should give particulars of his profes- 

sional position, or occupation and indicate his 
rank. 

6. The contribution should be accompanied with a 
brief note about the author’s professional and educa- 
tional background, etc. on a separate sheet and a copy 
of his photograph. 

7. Abbreviations and symbols should conform to ac- 
cepted standards. If any phrase or word, not commonly 
abbreviated, is abbreviated for convenience it should 
be explained when first used. 

8. Section headings, sub-headings and paragraphs 
should be inserted to divide the text into its natural parts. 

9, “Extended mathematical proofs, digressions and 
detailed explanations of methods, tests etc. should be 
excluded; they can be added, if necessary, in the form 
of appendices. Long quotations should be avoided: nor- 
mally, a reference to the original publication in the 
text should suffice. 


10. References must be complete and accurate. The 
details required are :— 

For books and pamphlets: author(s), title, publisher, 
place of publication, date of edition and page 
number(s) if relevant. 

For Journals: author(s), title of article or paper, 
unabbreviated title of the Journal, date of issue, 
volume, and page number(s). 

11. Tabular matter should be kept to a minimum. All 
tables should be numbered consecutively in Roman 
numerals and should carry a clear heading. Each table 
should be referred to by its number in the text. 

12. Ditto marks should not be used. 

13. The number of illustrations to each paper must 
normally not exceed 10 figures—graphs or photographs. 
The editor, however, reserves the right not to publish any 
of them. 

14. Photographs must show some unusual or unique 
features which cannot be explained concisely in words 
or by means of a line drawing. 

15. For satisfactory reproduction, photographs must 
be on good glossy paper and clearly and sharply defined. 
Lettering on photographs is undesirable. Negatives should 





not be sent. 

16. Line drawings, curves, diagrams should be drawn 
in bold black lines with Indian ink on white paper or 
card. Good black line prints may be submitted, but blue 
prints are useless for reproduction purposes. 

17. Coloured illustrations should be avoided. Any 
distinction necessary in sectional drawings can be indi- 
cated by different kinds of cross-hatching, and in circuit 
diagrams by the use of different kinds of broken line. 

18. Illustrations must not be drawn in or pasted on 
the text of the manuscript. The (both drawings and pho- 
tographs) should be numbered consecutively throughout 
with Arabic numerals and carry a brief description on 
the back in pencil. Each should have a brief caption, 
and be referred to in the text. Where confusion may 
arise, pencil marking on the back is essential. 

19. Reading matter on an illustration should be kept 
to the minimum. Reference letters may be placed on the 
illustration and explained with the caption notes or in 
the text. The captions and caption notes should prefe- 
rably be collected and listed on a separate typewritten 
sheet. Legends and lettering, if included on illustrations, 
should be in large type sufficiently bold to remain legible 
after reduction. 

20. If a scale is necessary on a plan or other draw- 
ings it should be shown graphically on the drawing: 
stated scales, e.g. “1 inch to the foot”, will be incorrect 
when the drawing is reduced for publication, whereas 
graphic scales are reduced pro rata with the illustration. 

The authors will be normally supplied with 20 copies 
of off-prints free of charge for their article. If more off- 
prints are needed, they should intimate their require- 
ments at the time of sending their contribution. 
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Engineering Education in India 


HE discussion and speeches at the Seminar on 

“Engineering Education in Eastern India” held 
recently in Calcutta under the Chairmanship of the 
eminent engineer-scholar Dr. K. L. Rao were indeed 
refreshing. As a matter of fact a consideration of this 
subject was overdue. It was apparent that both the 
teachers as well as practising engineers were very 
much concerned at the deterioration of the quality 
of engineers and technicians now being produced in 
the country. It was not surprising that there was a 
great deal of unanimity in the analysis of the situa- 
tion as well as in terms of the approach to the pro- 
blems arising from such a study. Everybody agreed 
that with the rapid development of industrialisation 
of the country, it needed a very large number of 
engineers and technical personnel. But it was also 
realised that while big strides have been taken in the 
production of such trained men in such a short period 
of time, the quality of the products is generally 
becoming poorer each year. Therefore all felt that 
in the rush for numbers we are losing quality very 
rapidly at a time when engineering and technology in 
the world is developing very fast and when we require 
high grade engineers most. 

The main emphasis of the discussion centred round 
this problem—the problem of not only maintaining 
the pre-Independence standards of quality in teach- 
ing but also on improving on the same in terms of 
modern development, while rapidly expanding edu- 
cational institutions in engineering and technology 
to meet the present needs. The terms “creative engi- 
neers” and “standard engineers” were frequently in 
use during discussion, Dr. Rao having coined the 
phrase in his presidential address. It was realised that 
“creative engineers” could not be manufactured by 
any set process of teaching and it was equally under- 
stood that “standard engineers” were required in 
large numbers. But the crux of the matter was that 
the quality of teaching at the base must improve very 
much to the extent that the ‘standard engineers’ were 
not purely of the stereotype sort and were able to 
undertake engineering tasks in full knowledge of 
recent developments in techniques. Side by side with 
this upgrading of quality among engineers in general, 
teaching at graduate and post-graduate levels should 
so improve and the atmosphere in these institutions 
should be so created that it might be possible for the 
emergence of “creative engineers” in larger numbers. 
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The discussion, therefore, naturally veered round 
the content of study and the quality of teachers. 
While a few still talked about “practical-centred 
education, most of the participants, both among tea- 
chers as well as practitioners of engineering, strongly 
felt that engineering education, particularly at the 
graduate level, should be ‘science-centred’ and that 
it should ground the students strongly on fundamen- 
tals of engineering rather than on its details. This 
was as a result of two aspects of thought. One was that 
since the Second World War science and engineering 
have reached new heights and the scientific revolution 
of the 20th century is still at its peak, thus reducing 
the gap between engineering (as applied science) and 
the fundamental sciences. Therefore a modern engi- 
neer must have a deep foundation in the major scien- 
tific subjects such as physics, chemistry and mathe- 
matics. Only then he will be able basically to keep 
in touch with the changes that will take place after 
his graduation. The other trend of thought was that 
the subject of engineering itself is getting more and 
more specialised and within these specialised subjects 
techniques are getting revolutionised almost over- 
night. Therefore, it may be that the techniques which 
he studied for four years might have been already 
anti-dated after the graduation if he contented him- 
self in specialised study of these old techniques only. 
It would, therefore, be much better if the engineer- 
ing student were taught the basic approaches in each 
subject instead of giving unnecessary stress on the 
details of present-day techniques. The main emphasis 
would thus be to provide the basic grounding in 
science and engineering and help the student to think 
out how the problems are solved, so that he may be 
in a position to solve newer problems on non-conven- 
tional lines if it came to that. 

The practical implications of this approach in 
terms of syllabus, methods of grading, teaching, prac- 
tical training and research are obvious. Some of these 
were discussed at the Seminar. It was generally agreed 
that the present syllabus needed to be reoriented; the 
pattern of examination also needed to be changed 
considerably so that the students did not tend to 
cram but to think. At the higher level considerable 
stress was given to the need for reseach work. 

One major issue as to how to reconcile quality 
teaching with ever expanding class-rooms appeared 
to be inadequately discussed at the Seminar. Yet this 
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is a vital practical question which will appear in 
greater dimension with the years. To us it appears 
that the West German methods prevalent in some of 
their Technical Universities may better be closely 
studied. 


But the greatest stress during the Seminar was laid 
on the question of providing a good quality teaching 
staff to these institutions. For without this all talk of 
improving quality would be meaningless. It is through 
the teachers that the transmittal of engineering knowl- 
edge to the new generation takes place. Text-books 
are not enough. Teachers provide a personal char- 
acter that cannot be dissociated from the imparting 
of education, and the end product depends so much 
on the quality of the teachers. It is true that today 
working under extremely hard conditions they have 
contributed substantially to the large number of engi- 
neers that the country needed very much. The best of 
the engineers, however, have been attracted to the pro- 
fession and the services. If the Government and the 
country are really seriously concerned with the 
deteriorating condition of the engineers that are being 
produced in the present-day institutions, and if they 
really desired quality engineers for the transforma- 
tion of the country, then it is obvious that some serious 
steps have to be taken to attract more quality engi- 
neers to the teaching profession, and only then their 
multiplication can take place. Though pay scales 
have to be improved considerably, it is not only a 
question of monetary incentive; they have to be pro- 
vided with facilities for research and for keeping 





themselves in close touch with the latest world litera- 
ture on engineering, they have to travel and see for 
themselves the actual application of new techniques, 
etc. Quite some valuable time has been wasted by 
neglecting the educational aspect of the country’s 
development. It is therefore high time that something 
serious be done about it if we mean business. It is a 
question of vital perspective planning and not of cal- 
culating immediate dividends in rupees. Some excel- 
lent suggestions have been made in this regard during 
the discussions, and possibly a few more may be 
added. But the prior thing is to impress in our minds 
that the planning of the growth of sk’ll and alert 
minds in the country is something qualitatively 
different and basic from planning an industry or 
material means of production. We compliment the 
participants of the Seminar to have been able to hit 
the right nail in the matter. 


All in all, the Seminar should be able to focus the 
major problems in the field of engineering education 
before all concerned. It should also be the beginning 
of getting the engineers and the teachers in this field 
closer together. (Possibly the Institution of Engineers 
and the Engineering Educational Institutions can 
initiate some concerted steps in this direction). It was 
therefore extremely timely that a small continuing 
committee has been formed with a view to press for 
giving practical shape to the generally accepted ideas 
evolved out of the discussions. Let us hope that this 
committee at least would not sleep on its task on 
which so much depends. 





KIRLOSKAR ENGINES : FIRST IN HIGH 
HORSE POWER SERIES 


The first 210 H.P. Engine has now been made in 
India. M/s. Kirloskar Oil Engines Ltd., pioneers in 
the manufacture of High Speed diesel engines in this 
country, have now successfully produced the 6 Cylin- 
der. 210 H.P., 1000 R.P.M. Engine. Since 1949, M/s. 
Kirloskar Oil Engines Ltd., have been producing 
engines in the range of 5 to 40 H.P. The progress 
which they have been making since the commence- 
ment of the production of 5 H.P. engines, now well- 
known throughout the country, has been further con- 
tinued with the introduction of this Higher Horse 
Power Series. 

These higher horse power engines will be manu- 
factured by M/s. Kirloskar Oil Engines Ltd , Poona- 
3, in technical collaboration with the world famous 


Diesel manufacturers in Germany, Messrs. Maschi- 
nenfabrik Augsburg Nurnberg (M.A.N.). Plans are 
now ready for target manufacture of 10 engines of 
this type per month in the very near future. 


In the Third 5-Year Plan a number of schemes 
will be coming up for electrification, water supplies 
of small towns and cities, where these engines are 
ideally suited and will be increasingly used. These 
engines will also be used by the ship-building indus- 
try as auxiliaries on their ships, and by the railways 
as power unit for their shunting locomotives. By mak- 
ing this progress M/s. Kirloskar Oil Engines Ltd., 
will satisfy the real need of the country in this parti- 
cular field. 
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Olt am Gelsidaloltinels: 


Mr. M. Hayath is chair- 
man of the Central Water 
and Power Commission 
and has been our contri- 
butor previously, the 
last being in the Tenth 
Anniversary Number 
December 1960 





Mr. S. Swayambu is Di- 


rector, Research, in the 
Power Wing of the Cen- 
tral Water and Power 
Commission. Also a pre- 


vious contributor. 





Dr. A. E. Morgan is the 
eminent consulting engi- 
neer of America who was 
the first Chairman of the 
TVA Board and also a 


member of the Univer- 
sity Grants Commission, 
India. He contributed an 
article previously in our 
Journal. 





Dr. L. E. Benson is incharge of the Metals group of 
the Research Department at Metropolitan Vickers. 


Mr. J. Johnson is incharge of the Metallurgical section 
of the Research Department in the Metropolitan 
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Vickers. Both of them contributed an article in our 
issue of November, 1960 of which this is the con- 
cluding portion. 


Mr. D. Mookerjea is 
Chief Engineer, Kosi Pro- 
ject; was previously in 
the DVC incharge of the 
Durgapur Barrage Pro- 


ject. 





Fali 


Dr. Ajit Mozoomdar M.Sc., D. Phil. (Oxon), Member 
of the Indian Adminis- 
trative Service, British 
Council Scholar and 
Scholar of Nuffield Col- 
lege, Oxford, 1951 - 53. 
Additional Director and 
later Director of Indus- 
tries, Government of 
Bihar, 1953-59. Jute 
Commissioner in the Mi- 
nistry of Commerce and 
Industry, Government of 
India, at Calcutta, since June, 1951. 





1) 


a 


Mr. V. Rama Rao is 
Executive Engineer in the 


DVC. 
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Dr. H. L. Uppal, M.Sc. Ph.D., D.Sc., F.N.L., Director, 
Irrigation and Power Research Institute, Punjab, 
Known for his researches 

in the domain of irriga- 
tion and allied research 
pertaining to Hydraulics, 
Flood Control and River 
Training, Drainage, Land 
Reclamation, Soil Me- 
chanics and Foundation 
Engineering. Joined the 
Irrigation Research Insti- , 
tute, Lahore as Assistant 
Rssearch Officer in 1931, 
was promoted as Hydrau- 

lic Officer in 1942, De- 
puty Director in 1946 and 
Director in the rank of Superintending Engineer in 
1952. In appreciation of his experience and reseraches, 
the Punjab Government gave him the rank and status 
of a Chief Engineer and Head of the Department in 
1960. Was awarded the Degree of Doctor of Science 
by the Punjab University same year. 





Mr. S. R. Sehgal, M.A., C.St., Mathematical-cum- 
Statistical Officer, Irrigation and Power Research Ins- 
titute, Punjab. Has done 
valuable work on subsoil 
water-table variation, sen- 
sitivity of sub-soil water- 
table to rainfall and irri- 
gation, seepage losses 
through unlined canals 
and branches, gains and 
absorption losses on vari- 
Ous rivers, intensity and 
frequency of floods and 
their peak determination 
by Probability Method 
etc. After an exceptional- 
ly brilliant career, started 
as a senior Lecturer in Mathematics and Statistics in 
1946; joined Irrigation and Power Research Institute, 
Amritsar as Assistant Research Officer in 1949, pro- 
moted as Mathematical - cum - Statistical Officer in 
January, 1954 and continuing as such. 





Programme of Short Term Special Course on “Engineering for Dams” 


A comprehensive programme dealing with all the 
major aspects of Dam Engineering for practical bene- 
fit to Designing Engineers and teaching staffs in Engi- 
neering Colleges. 


Outline of the Course 

An intensive course consisting of lectures, Semi- 
nars, group discussions etc. 

Topics: River Valley Project Planning—Design of 
Gravity, Arch, Buttress, Earth & Rock fill Dams— 
Stress analysis and stress Computations with embed- 
ded instruments—trial load analysis—Photo-elastic 
Stress analysis—spillway and energy dissipators 
uplift and foundation treatment—Barrages and Low 
Dams on permeable foundations—Diversion works, 
hydrologic investigations, flood control and reservoirs 
operation—Hydro - electric developments—Hydraulic 
Model and Electrical Analogy Investigations—Cons- 
tructional Problem and Planning, Construction sche- 
dule. 


Instruction Stat & Guides 

Sri K. Padmanabha Pillai, B.E., C.E. (Hons.), 
M.I.E. (India). 

Sri J. Visweswara Rao, B.E., M.Sc., M.I. Struct. E. 
(Lond.), F.ASCE., M.I.E. (India). 

Dr. K. W. Bieger, UNESCO. Professor. 

Dr. B. R. Sen, M.Sc., C.E.. M.S. (Iowa), Ph.D-, 
A.M.LE. (India). 

Dr. P. C. Varghese, B.Sc. (Engg.), M.Sc., M.E. 
(Harvard), Ph.D. 


Sri R. K. Narasimhan, B.E., M.S. (Missouri), M. 
ASCE., 

Sri N. Roy, B.E., M.S. (Cal. Tech.). 

Sri S. K. Mallick, B.E., A.M.I. Struct. E. (Lond). 

Sri B. N. Neogy, B.Sc., B.E., M.Tech., M.S. (Iowa), 

Dr. Ing. T. E. Unni, B.E., Dr.-Ing. (Dresden), 

Sri S. K. Ghose, B.E., M.S. (Columbia, M. ASCE. 
(General Organiser). 


Commencement and duration: 10 days from 15th 
May to 24th May, 1961. 


Intake : Twenty 


Admission Qualifications 

Serving Engineers with at least 2-3 years’ field 
training and Teachers of experience in Engineering 
Colleges are eligible for admission. 

(Beachelor of Engineering or equivalent thereof 
pre-requisite). 

Fees ; Tution fee of 50/- for the course. 

Accommodation : Boarding & Lodging would be 
arranged in a Hall of Residence in the campus on re- 
quest. Charges would be Rs. 5/- per day to be paid 
in advance. 

Certificate: A certificate to be awarded on satis- 
factory completion of the course. All communications 
about the course should be addressed to: Prof. S. K. 
Ghose, General Organiser, Special Course on Engi- 
neering for Dams, Indian Institute of Technology, 
Kharagpur. 
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Pipe made from ‘‘Union Carbide” 
Polyethylene takes water anywhere on your 
farm. It is light-weight and easy to install ... 
you can haul and handle it yourself. Being 
chemically inert, pipe made from ‘Union 
Carbide’’ Polyethylene won't rust, scale or be 
affected by soil acids. 

Write to us and we shall be happy to place 
you in touch with manufacturers of pipe made 
from ‘Union Carbide’”’ Polyethylene. 

Union Carbide India Limited will soon 


manufacture Polyethylene at Trombay Island, 
Bombay. 


DUCTS SALES DIVISION 
IE INDIA LIMITED 


Formerly NATIONAL CARBON COMPANY (INDIA) LTD. 


BOMBAY e@ CALCUTTA @ DELHI e@ MADRAS 
The term UNION CARBIDE is a registered trade mark of Union Carbide Corporation, U.S.A. NCC 3634 
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Unit type, Cast iron clad, 


Low Tension SWITCHBOAR DS. as 


















A typical Starter Distribution Board Typical Switchboard incorporating 





incorporating solenoid operated interlocked, high rupturing capacity 
Motor Starters, HRC Fuse Boxes, Switch and Fuse Gear, Busbar 
Busbar Chambers, ete. Chambers, Cable Boxes, etc. 


now manufactured in India in technical collaboration with 


LAUR KNUDSEN ELECTRICAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 


JWT-LT. 1005 


LARSEN & TOUBRO LIMITED 


pile es P.O. Box 278, Bombay | 


Also at: Calcutta - Madras - New Delhi - Bangalore - Cochin - Ahmedabad 














